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ea Corditis-Free Cord 


The electrical cord is the 
vital connecting link between 
your product and the power 
outlet. A good cord will keep 
it in service. A defective cord 
means it will fail. 

Through a-consistent na- 
tional advertising program, 


the Belden Plug has become 


a symbol of safety to mil- 
lions of your customers—an 
identification of nuisance- 
free cords on electrical tools 
and appliances. 


Behind Belden acceptance 
stands a long record of engi- 
neering improvement—new 
high standards forevery part 


of the cord: the Conductor; 
the Plug; the Strain Relief 
or Connector. . 
Here is low-cost insurance 
against rejections in assem- 
bly and failure in the field— 
the extra “plug” for your 
product you need in today’s 
competitive market. Specify 


Belden Corditis-free Cords. 
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INDUSTRIAL 


Major business indexes uni- 
formly good; retail appliance 
demand high; copper supplies 


tight, prices up. 


PRING business is generally good. 
S That’s definite by all the major 
indexes. It’s better than good in the 
industrial field. Biggest impetus 
comes from two sources: automotive 
demand and new housing activity. 
There’s been no slackening in either. 
And their strength, of course, is 
transfused to many dependent and 
interdependent industries. As housing 
goes, for instance, so do household 
appliances. 

Take the 
that were launched in February and 
the same number that were started 
in January of this year. That’s 30.- 
000 more each month than in the 
And _ then 
translate these units into terms of 
occupied dwellings and figure up what 
this amounts to in terms of toasters, 


80,000 housing units 


same period last year. 


refrigerators, washing machines and 
so on. You will quickly realize that 
the architect’s blueprints can be 
mighty significant indexes to the elec- 
trical manufacturer! 


Bellwether of high consumer 
purchasing power has been the TV 
business. But don’t overlook automo- 
bile sales. Contrary to reports of 
price discounts, the current market 
is noticeably stiff and retail sales are 
at peak levels. Output is being pushed 
to the utmost; it should zoom to an 
all-time high as soon as the Chrysler 
strike is settled. 

Preliminary reports of the 1948 
Census of Business (don’t confuse 
this with the 1950 Census of Popula- 
tion!) give an even more’ striking 
picture of the upsurge of consumer 
spending power after the war. Speak- 
ing at a recent discussion meeting of 


Headpiece: Part. of motor production line in a 
Westinghouse plant. End brackets moving along a 
“call” belt conveyor 20 in. wide by 20 ft. long 
that extends between a paint spray-booth and a 
Gridley chucking lathe. Brackets roll off end of 
conveyor onto a gravity roller conveyor within close 
reach of lathe operator. This conveyor system stores 
a total of 175 brackets at one time. 
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the New York City chapter of the 
American Marketing Association, 
William C. Truppner. chief, Business 
Section, Bureau of the Census. re- 
vealed these facts: 

Retail sales in 1948 totalled $130 
billion, three times the $42 billion 
figure reached in 1939, Ratio of 
wholesale trade volume in 1948 to 
about 
3.5:1. Ratio of all service receipts 
(expenditures for 


that in 1939 was even higher 


alone, 
such as hotels, travel. etc.) was slight- 
ly under 3:1. The average value of 
all 1948 expenditures (retail sales, 


service 


service receipts, and wholesale trade) 
was approximately better than three 
times that of 1939. 


Rounding out the business pic- 
ture are these strong highlights: Na- 
retail sales in 


January and February topped those 


tionwide consumer 


of 1949 by 3 per cent. February per- 
sonal income (Department of Com- 
merce) was at an annual rate of 
$219,000 million, up by $7,800 mil- 
lion over February 1949, and setting 
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TELEVISION RECEIVERS 


WATER HEATERS 


FARM AND HOME FREEZERS 
7 SUGHTLY UP Na SLIGHTLY DOWN 


Note: Compiled from available industry and government sources by 
the Market Research Department of ELECTRICAL MANUFACTURING. 
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4 Comparison is for Jan. 1950 as against Dec. 1949 and 
Jan. 1950 as against Jan. 1949 


up a new record. Consumer spend- 
ing in March rose to a new high an- 
nual rate of $181 billion. 

Basic raw materials are generally 
firm, in some instances tight. Copper 
supplies are shrinking; so are those 
of zinc. Steel is hard pressed by the 
demand, despite a current production 
rate the highest since March 1949, 
Federal Reserve Board’s index of in- 
dustrial production rose from 180 
in February to over 183 in March. It 
is likely to do even better in April 
and May and may reach the highest 
level since January 1949, 


Unemployment was down ia 
March by 12 per cent from the Febru- 
ary total, which was the highest in 
eight years. Actual totals (Depart- 
ment of Commerce) were 4,123,000 
against 4,684,000. In terms of em- 
ployed, 57,551,000 Americans were 
at work during March as against 56,- 
953,000 in February. Seasonal ex- 
pansion in the construction field ac- 
counted for some of the improvement. 

Purchasing agents meanwhile 
maintain a conservative buying pol- 
icy. According to the March survey- 
report of the National Association of 
Purchasing Agents 74 per cent main- 
tain a hand-to-mouth to 60-day range. 
not much of a change from the 78 
per cent who reported this buying 
policy in February. The current re- 
port indicates a slight increase in 
those making commitments over 90- 
and 120-day periods. 

March business, said NAPA mem- 
bers, was the second best this year 
next to January. Effects of the recent 
coal strike were small; coal began to 
move before the shortage actually 
began to pinch. Majority of the buy- 
ers see business conditions through 
rosier glasses than at the year’s end. 
Good business is forecast through 
April and May, some leveling off in 
June, and a seasonal decline in July. 
Some expect “fair business” well 
into the third quarter. 


Inventories are static; with in- 
creases about equal to declines. In 
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If you are, we'd like to help you. Quite often instrument 
manufacturers encounter motor application difficulties that 
are troublesome and not easy to overcome. Then the call 
goes out for Holtzer-Cabot. Over a period of seventy-five 
years, Holtzer-Cabot has tackled a wide variety of tough 
motor application problems and has always been able to 
provide the correct solution. 


Here’s a typical success story from our files... 


Leeds & Northrup Company, a leading instrument maker 
for 51 years, in the early 1920’s used a governed series 
motor to operate their automatic recording instruments. 
They desired greater accuracy in instrument chart speed 
and were also anxious to eliminate the governor. Holtzer- 
Cabot recommended a specially designed horizontal syn- 





HOLT ZER-CABOT 


DIVISION OF NATIONAL PNEUMATIC CO., INC. 


BOSTON 19, MASSACHUSETTS 


OFFICES IN NEW YORK, PHILADELPHIA and CHICAGO 


chronous motor for this service. From the early ’20’s until 
1933 this installation worked well and gave satisfaction. 


Then to improve their product further, Leeds & Northrup 
desired a vertical synchronous motor in order to save space, 
and to eliminate a centrifugal cut-out. Leeds & Northrup 
approached us with the problem, and after burning the 
midnight oil, our Research Department came up with the 
answer . . . the Holtzer-Cabot RBC-3712. This trouble-free 
motor has been eminently satisfactory and we have been 
privileged to supply Leeds & Northrup with a large percent- 
age of their requirements, so that today many thousands 
are giving dependable service the world over. 


Holtzer-Cabot motors range from 1/2000 to 1 h.p.; 
from 24,000 RPM to 1 revolution per day! 


DON’T GET TANGLED UP... 





If you have an application problem involving 
motors up to 1 H.P., turn to Holtzer-Cabot for the 
solution. We are eager to tackle the most difficult 
motor problem. Write for complete information. 


\\ ; , ; 
builders of fine electric motors for three-quarters of a century” 
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Household vacuum cleaners also 
registered a rise. February factory 
sales were 263,515 units vs 249,150 
in January (a 5.7-per cent increase). 
In February 1949 sales aggregated 
241,574 units. 


How many radio and TV sets 
were bought in 1949? A hefty total 
of 14,500,000 units, according to a 
joint announcement of the Radio 


Research and de- 
velopment expendi- 
tures related to 
sales volume and 
to jobs as charted 
in its annual report 
by Pitney-Bowes, 
Inc. 


SALES, RENTAL, & 
SERVICE INCOME 
millions of dollars 


RES. & DEV. EXPENDITURES 


thousonds of dollars 


"Al 42 'H3 ‘AK '45 'h6 ‘47 47T'48 ‘49 
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general, inventories are seen in a 
“healthy” condition. The following 
commodities and products were re- 
ported in the “up” bracket pricewise: 
bearings, drills, motors and other 
electrical equipment, natural rubber, 
tin, perishable tools, zinc. In the 
“down” class were: lead, lead pig- 
ments, lubricants. 

In the long-range view, buying 
policies are likely to remain con- 
servative for an indefinite period. As 
the April issue of the National City 
Bank (New York) Monthly Letter 
points out, the situation in industrial 
materials and supplies is such that 
“speculative coverage is not re- 
quired.” Much has changed since 
1948 in the relations between the 
supply and the demand of many 
commodities. Bottlenecks, it is point- 
ed out, are now a “rarity” rather than 
the rule and prove temporary when 
they appear. What we now have, in 
effect, the comment concludes, is 
“in the aggregate a greater cushion of 
actual or potential output to absorb 
demands without generating another 
sharp price rise.” It all spells out con- 
servatism plus stability in the indus- 
try’s purchasing policies. 


Underscoring the bright appli- 
ance picture, is the recent statement 
by H. L. Andrews, vice-president of 
G-E’s Appliance & Merchandising De- 


partment, that first-quarter sales 
were “exceptionally good.” Mr. An- 
drews reiterated his year-end pre- 
diction that 1950 will be a better year 
for electrical appliance sales than 
1949, with all-industry sales hitting 
a total of 41,390,000 units. Two in- 
teresting developments were reported 
by Mr. Andrews: Decision by the 
small municipality of Jasper, Ind., to 
install G-E garbage disposers in each 


+ Indicates a 9-month 
period. 


of the towns 1400 homes—an innova- 
tion that may well spread to other 
communities. Some 80 other towns 
and cities (including two from far-off 
Australia) are reported interested in 
a similar mass installation. The sec- 
ond novel piece of news from G-E is 
of a combination refrigerator-home 
freezer with a self-closing “magnetic” 
door. How does it work? An alnico 
permanent magnet in the vinyl door 
gasketing. Simple as all that! 

Other appliance news was made by 
the Westinghouse East Springfield, 
Mass., plant. According to C. B. Dick, 
works manager, 21 new or redesigned 
appliances were put into production 
without a shutdown or major delay. 
Overall production was increased sub- 
stantially compared to the closing 
period of 1949. 

Westinghouse March sales of 
ranges, refrigerators and other do- 
mestic appliances for the first quar- 
ter of 1950 passed $40 million. 
March sales alone set a new monthly 
record of appliance business for the 
company. 


Factory sales of standard-size 
household washers rose to 342,967 
units in February—the highest total 
since October 1948. (Source: Ameri- 
can Home Laundry Manufacturers’ 
Association.) This topped January 
(275,576 units) by 24.4 per cent and 
February 1949 (201,300 units) by a 
thumping 70.3 per cent. 

The same source reports February 
factory sales of ironers at 27,000 
units against 20,300 in January (up 
by 36 per cent), but off by 2.3 per 
cent from 28,500 in February a year 
ago. Dryer sales were 19,389 in 
February, compared to 19,495 in 
January, but topped the 9407 sold a 
year ago by 106.1 per cent. 


Manufacturers Association and the 
National Association of Broadcasters. 
(Incidentally, this is the first joint 
annual statistical report of these two 
groups.) Here’s a breakdown of the 
total: 7.956,000 home radio sets; 
3.964.000 automobile radio sets; 2.,- 
594,000 TV sets. A total of 3,764,000 
TV sets was in use at the end of 
1949. 

Sharply defined preference for 
large-screen TV sets is reflected in 
recent cathode-ray tube sales. Ninety- 
six per cent of all tubes sold in 
February for new TV receivers were 
12 in. or larger; 35 per cent were 
14 in. or larger. (Source: RMA 
member companies.) Actual sales of 
all sizes of receiver-type tubes ag- 
gregated 427,189 units, slightly off 
from the 436,252 sold in January. 
Dollar values also were off, $10,685,- 
295 against $11,454,186. 

February sales of radio receiving 
tubes were way up—almost double 
the sales a year earlier. Total was 
24,865,546 tubes vs 22,272,024 in 
January and 12,643,788 in February 
1949. 

Government contracts for radio 
transmitting and communications 
equipment (radar included) were 
substantially higher last year, accord- 
ing to RMA member-companies. To- 
tal purchases were valued at $141,- 
288,869—$28 million more than in 
1948. Of this total, radar apparatus 
(including search, navigational and 
fire control) accounted for $97,798.,- 
244. 

You don’t usually think of electric 
and electronic organs as a product 
group in the higher-volume bracket. 
But unofficial trade estimates place 
the annual retail sales value of these 
instruments at some $20 million. 


New business in machine tools 
fell off in February after the highly 
encouraging spurt in January that 
brought the total new-orders index 
up to 99.7—a new high since August 
1946. The February performance 
however was still good—88.7. It was 
the third best month since January 
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Working Together for 
Faster Steel Service 


Here’s the team that swings into action the moment 
you contact a Ryerson plant. From the phone girl 
who receives your call to the driver who delivers your 
order it’s a team of specialists who take pride in the 
job of getting steel to you quickly. 

As soon as we take your order, duplicate copies 
are rushed to every person concerned and scheduling 
is completed simultaneously for all departments to 
prevent the slightest delay. In the warehouse, expe- 
rienced steel men select your requirements from cer- 
tified quality stocks. Carbon, alloy and stainless 
steels on hand in most every size, shape and finish 
make it easy for you to concentrate purchases—save 
time and develop lower costs. Then flame-cutters 
flash ... friction saws roar...shears and punches 
crash. Your steel is prepared to exact specifications 
and rushed to the shipping floor according to sched- 


ule. A waiting truck speeds the steel to your door. 

That’s Ryerson steel service—a remarkable ex- 
ample of teamwork that enables us to ship steel in 
any form, to any place, in record time. Whenever 
you need high quality steel—need it fast—we urge 
you to call our nearest plant. 


PRINCIPAL PRODUCTS 


CARBON STEEL BARS—Hot rolled 
& cold finished 


STRUCTURALS—Chonnels, angles, 
beams, etc. 


TUBING—Seamless & welded, me- 
chanical & boiler tubes 


ALLOYS —Hot rolled, cold finished, 
heat treated 


STAINLESS—Allegheny bars, 
plates, sheets, tubes, etc. 


MACHINERY & TOOLS—For meta! 
fabrication 


PLATES—Sheared & U. M. Inland 
4-Way Safety Plate 


SHEETS—Hot & cold rolled, many 
types & coatings 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK e 
DETROIT e¢ PITTSBURGH e¢ BUFFALO ¢ CHICAGO e 
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MILWAUKEE e 
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1948 and a far cry from the July 
1949 low of 48.0. (Source: National 
Machine Tool Builders’ Association. 
Base: Average shipment 1945-47= 
100.) Foreign orders (included in the 
total) were off too—18.8 against 26.7. 

Incomplete reports for March show 
new-orders index at 107.4, moving 
above the 100 level for the first time 
since June 1946 when the index 
reached 109.1, 

Continued high activity in construc- 
tion and general industrial activity 
has brought along with it a sharp 
increase in the demand for heavy- 
duty welding equipment, according 
to several regional trade reports. 
Strong trend is reported to automatic 
welding. Increasing load of military 
contracts is also cited as influencing 
demand for new and improved weld- 
ing equipment. 


Backlog of orders by aircraft 
companies at the end of 1949 zoomed 
to $3,011 million—a jump of $153 
million over the backlog at the end 
of the third quarter of the year. 
(Source: Bureau of the Census and 
Civil Aeronautics Administration. ) 
Sixty-seven per cent of the backlog 
represents orders for complete air- 
craft and parts. The electrical systems 
of both military and commercial air- 
craft have grown increasingly com- 
plex and a substantial chunk of the 
dollar volume involved undoubtedly 
represents electrical and 
business. 


electronic 


Basic components and materi- 
als have been moving at a good pace 
into consuming channels. In most in- 
stances (see chart above) volume last 
reported is higher than for the pre- 
ceding month covered. Copper, in 
particular, has dominated the scene. 
Recent strike in Anaconda’s Chilean 
mines has tightened the screws on 
an already supply-scarce market. 

Crude copper production in March 
(Source: Copper Institute) accounted 
for 78,561 tons against 69,994 in 
February (corrected). Refined out- 
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MATERIALS - COMPONENTS 
TREND IN MANUFACTURING CONSUMPTION 
FOR SELECTED ITEMS 


SHIPMENTS sueuents 
FEB. 1949 


ELECTRICAL INSULATING —— 


POLYSTYRENE MOLDING RESINS® 


PAINT, VARNISH AND LACQUE! 
(INDUSTRIAL SALES mn 
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STEEL, TOTAL PRODUCTION™* 
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RADIO RECEIVING TUBES, INCLUDING T-V 


ted 


Note: Compiled from industry and government sources by the 
Market Research Department of ELECTRICAL MANUFACTURING. 


& Comparison is for Jan. 1950 as against Dec. 1949 and Jan 
1950 as against Jan. 1949 Mar. against Feb. 


D NEMA monthly index of domestic dollar sales billed. Components 
of index are: laminated products; manufactured electrical mica, 
special dry process electrical porcelain; varnished fabric and 
paper; vulcanized fibre 





put rose sharply to 113,440 tons from 
94,036; deliveries kept pace with 
123,030 tons compared to 112,775. 
Refined stocks at the end of the 
period noted dropped to 60,276 tons 
from 77,472. Meanwhile flow of scrap 
metal has been reduced and trade 
sources feel that the market will re- 
main tight until well into June. Cop- 
per prices have been hiked by major 
producers by l¢ per lb to 191¢. 
Lead consumption is better, 
though stocks are still substantial 
as a result of the serious drop in de- 
mand for the past six months. Battery 
manufacturers are expected to enter 
the market for new supplies. Large 
imports continue to arrive from 
abroad thus adding another factor 
to a generally quiet market. Zinc 
prices went up to 1014¢ per lb (at 
this writing), with demand reported 
very active. Brass mills and die 
casters are among the heavy buyers. 


Last year’s production of zinc die 
castings, incidentally, provided the 
second biggest outlet for zine con- 
sumption in the United States. This 


was a repetition of the zine die 
casting showing in the three pre- 


ceding years. 

Aluminum demand continues good. 
Shipments of plate, sheet, and strip 
(source: Aluminum Association mem- 
ber companies) rose to 78,863,987 
lb in February, some 9 million lb 
over the January shipments of 69.- 
349,364 lb. Shipments in February 


1949 were only slightly higher 
79,135,473 |b. Primary output 


was down slightly—100,885,883 lb 
against 104,045,600 lb in January. 
It was somewhat higher than the Feb- 
ruary 1949 output of 99,497,123 lb. 


Research and development ac- 
tivities have steadily assumed an in- 
creasingly important spot in the annu- 
al reports of many manufacturing 
companies. The bigger companies 
have set the pace in this policy; and 
stockholders have 
comed such news. 


consistently wel- 
It’s a policy that 
in an appropriate form may well be 
adopted by almost any company 
the small one as well as the big one. 
For an example of how one of our 
most progressive electrical manufac- 
turing companies handles news of its 
research and development activities 
see the Pitney-Bowes, Inc., chart on 
page 8, reproduced from its annual 
report. 


Miscellany — 
General Electric is 
“world’s 


communications system” 


building the 
microwave radio 
for Trans- 
continental Gas Pipe Lines Corp... . 
It will cover a 1840-mile line... . A 
nuclear energy glossary has_ been 
sponsored by the National Research 
Council. . . . It will be published by 
the American Society of Mechanical 
Engineers. . Seventeen scientific 
and technical societies and ten gov- 
ernment agencies have cooperated. 


longest 


Among the feature articles scheduled to 


appear in coming issues @ Problems of Electrical Equipment in a coal mining machine 


e Types of Solenoids for designed-in use @ Beryllium Copper applications in business 


machines @ Trends in Miniaturization of components @ Silicone Rubber as a dielectric. 
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Is there an “Engineering Mind”? 


‘oe are mental capabilities peculiar 
to a design engineer. As a youngster 
he probably took clocks apart and put 
them back together—in running order. 
In college, he was not satisfied with 
memorizing equations or being told 
things; he felt much safer if he could be 
shown or find out for himself. As a de- 
signer, he still wants facts, and the “why” 
behind claims and statements. He has a 
mature scientific curiosity—the distin- 
guishing mark of an engineering mind. 
When a group of engineers or scien- 
tists get together they exchange views 
with a frankness that would alarm the 
average sales manager. They openly dis- 
cuss limitations and shortcomings, and 
gloss over important advantages well 
enough known to be generally accepted. 
They deal with any subject objectively 
and critically. 

Knowing how the engineer's mind 
works should help those who seek to in- 
fluence his decisions. How much infor- 
mation, for example, should a vendor 
give an engineering buyer? The sales at- 
titude often is: “The less the customer 
knows, the better. Let him come to us 
for a recommendation.” Advertising and 
publicity reflects some of the same atti- 
tude when coined trade names conceal 
rather than reveal. 

Informal reader surveys recently con- 
ducted by the editorial staff of ELECTRI- 
CAL MANUFACTURING in the preparation 
of two feature articles strongly confirm 
that design engineers want more infor- 
mation on properties of materials than 
is generally supplied. Despite the large 


amount of information available on plas- 
tics, for instance, they are still dissatisfied 
with property data published by many 
material suppliers. Buyers of ceramic in- 
sulating parts plainly want more data on 
properties (see page 100 of this issue), 
yet 80 per cent of a typical group of 
suppliers fail to publish amy property 
data. This leaves each designer to satisfy 
himself with his own tests. 

Engineering readers crave facts. They 
want to be able to classify a material or 
a component part as falling within cer- 
tain known categories. Not to tell him 
directly is only to challenge him to ferret 
it out for himself. Since he eventually 
must be faced with the selection of defi- 
nite engineering values and design con- 
stants, he also needs specification data. 
He wants to study performance curves. 
He wants sufficient information to be 
able, if necessary, to suggest modifications 
of a catalog item to suit his particular 
needs. 

Advertising in industrial publications 
should be factual; filled with specifica- 
tion data and case histories rather than 
vague and glittering generalities. Manu- 
facturer’s literature should make as com- 
plete a disclosure of the product as possi- 
ble without necessarily revealing those in- 
timate details responsible for manufac- 
turing success. 

So to the supplier we say: Pamper the 
engineer's desire for facts; he will not rest 
until he finds out all he needs to know. 
Satisfy his scientific curiosity; feed his 
“engineering mind” to win him as an 
everlasting friend and loyal customer. 
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LTRAHIGH-FREQUENCY insulating require- 
ments specifying “low-loss” materials are in- 
creasingly prominent. While most plastics are 

well suited as general-purpose materials, combining 
good dielectric characteristics with good physical prop- 
erties, the singular features of high-frequency oper- 
ation necessitate a re-evaluation of the low-loss plas- 
tics materials. —The demands of some of the more re- 
cent applications of plastics insulating materials are not 
limited to improved (lower) loss factors, but also focus 
attention upon the problems of arc resistance, insula- 
tion resistance, and resistance to the effects of corona. 
When evaluating the properties of plastics, the influ- 
ences of the processing techniques and environment 
must also be examined. A material, well behaved under 
standard atmospheric conditions, may exhibit unsatis- 
factory characteristics at temperature and humidity ex- 
tremes. Much useful data are obtained under the care- 
fully controlled conditions required by standard ASTM 
specifications, though the influences of extremes of 
service operation are still to be determined in many 
instances. In fact, in most electrical applications, the 
choice of material cannot be made on the basis of 
dielectric properties alone, physical properties too must 
be known to determine mechanical acceptability (Figs. 
1 and 2 show typical applications). For many appli- 
cations, the general-purpose molding compounds are 
dependable and serve excellently. But where the prob- 
lems of low dielectric loss are critical, a searching 
analysis is required before a material can be specified. 
This discussion will concentrate on such problems. 
What are the factors that influence the dielectric 
behavior of organic plastics materials? These factors 
are many, since, under the influence of a strong elec- 
tric field, the individual performances of the plastics 
may vary considerably. Some of the differences in 
behavior as dielectrics may be explained on the basis 
of the polarity of the molecules. While most of the 
chemical bonds of the organic plastics are of a cova- 
lent nature, the strong electro-negativity of the fre- 
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Fig. 1—Low-loss Durez phenolics are used in these 
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quent nitrogen, oxygen or halogen atoms accounts for 
the displacement of charges and the formation of a 
dipole. Since the dipoles are vectorial in character, 
the dipole moment of the molecule as a whole is re- 
garded as the vector sum of the individual bond mo- 
ments. Symmetrical molecules having zero bond mo- 
ments are known as nonpolar molecules, and their be- 
havior in an electrostatic field is small (for example, 
polystyrene and polyethylene nonpolar molecules have 
low dielectric constants ). 

The problems are further complicated by the fact 
that plastics insulating materials are solid dielectrics, 
and data obtained in the gaseous state are not neces- 
sarily applicable to the solid state. There is evidence, 
however, that some polar groups may rotate about the 
long chain molecules to which they are attached, pro- 
vided there is no inherent hindrance arising out of the 
arrangement of atoms and provided they are attached 
to a carbon or nitrogen atom free to rotate. Under 
these circumstances, such materials may be expected 

show an appreciable change in dielectric constant 
with changing frequencies as the charge centers shift 
in relation to the electrical field. Further, if there is 
a mass change (for example, due to rotation of polar 
groups in molecule) higher frequencies should effect 
greater dissipation and loss factors, with the possibili- 
ties of resonance conditions at natural frequencies of 
vibration and peaked loss factors in certain frequency 
ranges. These are borne out in general by some of the 
scattered, meager data on the high-frequency behavior 
of dielectric materials. The low-loss plastics, which 
are composed inherently of low-loss nonpolar mole- 
cules or compositions employing low-loss filler mate- 
rials, offer the most desirable characteristics at high 
frequencies above one megacycle. Not only will they 
heat up less readily, but they will possess the perma- 
nency necessary to circuit stability. 

Other factors which bear upon electrical energy 
losses in dielectric materials are related to the insula- 
tion resistance or its reciprocal, the conductivity, of 
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Cinch Manufacturing tube sockets 


and other electronic components. 





**Low loss” is a frequently misused term. Here is a re-evalua- 


tion of the design significance of dielectric properties and of 


the factors that influence the behavior of low-loss plasties. 


the materials. The conductivity of plastics may be al- 
tered by the fillers which are added. In general, fillers 
which increase moisture absorption or which are semi- 
conducting themselves, will exercise the greatest effect 
on insulation resistance. An ideal insulating material 
is a nonconductor of electricity and would have a 
zero dielectric loss angle—suggesting that high insula- 
tion resistance and low electrical loss go hand in hand. 
The exact mode of electron flow through organic 
plastics is not well known, though we do have the 
following fact: Thermal excitation affects a very rapid 
drop in insulation resistance (and increase in dissipa- 
tion factor). For many plastics this substantial in- 
crease in conductivity occurs below the maximum al- 
lowable temperature of operation, and is usually de- 
tected in leakage current measurements on a piece of 
electrical apparatus. 

While the absolute conductivity is not revealed in em- 
pirical measurements of “‘leakage current,” the effec- 
tiveness of the physical distribution of the insulation is 





Fig. 2—Same-type phenolics double in function as insu- 
lating and semistructural elements in these motor parts. 
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indicated, and certain minimum performances are es- 
tablished. A material of high insulation resistance, low 
loss and high dielectric strength will thus suffice as in- 
sulation on adjacent layers of a wire-wound coil. 
Notwithstanding, surface leakage currents may occur 
though they can be reduced by these methods: (1) By 
long length of path (obtained by carrying the insula- 
tion an appreciable distance beyond the last turn of 
wire) ; (2) by potting compounds which in effect re- 
place the air and offer a more substantial barrier to 
current leakage. (Because of increasing interest in 
miniaturization, the latter technique is coming more 
to the forefront, as it will permit close assembly in a 
very small space with losses at a minimum.) 

The behavior of organic plastics as low-loss insu- 
lating materials is complicated by the fact that their 
properties, determined upon clean, dust-free surfaces, 
may be altered by the presence of adsorbed films of 
moisture and impurities. Several papers have been 
published in recent years presenting data on the de- 
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Fig. 3—Typical use of a low-loss thermosetting case for 
small circuit elements is shown in the construction of a 
germanium diode rectifier: (a) germanium pellet; (b) 
platinum whisker; (c) whisker pin; (d) low-loss case. 
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crease of insulation resistance with increasing time of 
exposure to high humidity conditions. Obviously, if a 
plastics material aids in this process, it is less useful as 
a low-loss material than one with a greater degree of 
resistance to moisture. Notwithstanding, plastics such 
as polystyrene, with practically zero water absorption 
in 24 hr, have been exposed to conditions where a 
moisture condensation settled upon the surface as the 
temperature fell below the dew point of the surround- 
ing atmosphere. This may be followed by dust and 
grime and in the presence of continuous high humid- 
ity, fungi or bacteria growths. Low-loss properties 
will then reflect character- 
istics of the surface film 
rather than the plastic. For 
this situation there are de- 
sign remedies entailing con- 
trolled atmospheres or greatly exaggerated paths, or 
barriers to interrupt leakage currents. It is imperative 
that the electrical designer be familiar with these in- 
fluences on dielectric properties and make suitable pro- 
visions for minimizing their effects. 

The expression “low loss” has been used rather 
loosely by some manufacturers, though it was intended 
originally to refer to those types of thermosetting 
phenolics which experience the least energy loss at 
high frequencies. Today, however, there are many 
thermoplastics which can rightfully be designated as 
low-loss materials. Low loss implies a low dielec- 


What are low-loss plastics? 
Has there been a tendency 
to use this term loosely? 


tric loss factor (product of dielectric constant and dis- 
sipation factor), and a brief reference to the standard 


ASTM definitions and methods of test described in 
ASTM D150-47 would be useful at this point. 
Dielectric Constant. The dielectric constant of a di- 
electric material is the property which fundamentally 
reflects the molar polarizability of the dielectric medium 
—the greater the polarizability the greater the dielec- 
tric constant, the larger the electrostatic energy stored 
or the force acting between two charges separated by 
the dielectric medium. Polar fillers or the presence 
of non-symmetrically distributed polar groups about 


Material 
108 


Mica-filled molded phenolics? #1 | 5.¢ 5.1 | 4.9 
#9 / 


Mica-filled molded alkyd 
Unfilled polyester resin 





Polyethylene (molded) 
Polytetrafluoroethylene 
Polystyrene 


Poly-monochlorotrifluoroethylene 


Polydichlorostyrene 
(casting resin unfilled) 
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the resin molecules, posses appreciably higher dielec- 
tric constants than the nonpolar materials. Loss fac- 
tors are determined in part by the dielectric constant. 

Dielectric Dissipation Factor. The dissipation factor 
is the cotangent of the dielectric phase angle or tang- 
ent of the dielectric loss angle. The dielectric loss angle 
is the angular difference between the actual current 
component through the insulation and the current com- 
ponent of an ideal, loss-free, insulating material. It 
should also be noted that for very small loss angles, 
the tangent of loss angle is numerically equal to the 
cosine of the phase angle or the dielectric power factor. 
All known plastics materials have measurable dissipa- 
tion factors, though for some of them the values are 
rather low. (Note the accompanying table in which 
low-loss thermosetting and low-loss thermoplastics ma- 
terials are grouped separately. Data are incomplete 
above 1 megacycle, though the materials may be 
qualitatively compared for their room-temperature per- 
formance. ) 

The particular advantages of mica fillers should 
be noted for the phenolic and alkyd compositions. 
While a similar improvement in low-loss properties 
may be expected for mica-filled melamines, they would 
lack the necessary water resistance. High-frequency 
performance is expected with a minimum of energy 
dissipated in the dielectric in many new circuit ele- 
ments. For example, the small germanium diodes illus- 
trated in Fig. 3, will exhibit optimum performance as 
rectifiers for high-frequency currents with enclosures 
of low-loss materials. Coil forms for r-f chokes, 
crystal supports and mounting devices, also capacitor 
encasements, all turn to low-loss, heat-resistant, mold- 
able thermosetting compositions. The low dissipation 
factor of the thermosetting phenolics and alkyds shown 
in the table is related to the molding properties. Gen- 
erally, the lower the dielectric loss required for these 
materials, the more difficult the molding technique, 
and the shorter the flow properties. 

From small circuit components to large radome hous- 
ings and high-frequency radiative devices, plastics are 


Water 
absorption 
per cent 


(24-hr ASTM)* 


Dissipation factor” 
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Fig. 4 (Left)—Base and insulating components of this Arrow-Hart magnetic motor starter are molded from mineral-filled 
Plaskon alkyd molding compound. Fig. 5 (Right )—Durez low-loss phenolics are specified for this crystal holder because 
they also provide the essential high heat-distortion properties and dimensional stability. 


called upon to fulfill increasingly rigorous requirements. 
There is very little published data upon the dissipa- 
tion factors of glass-reinforced polyester laminates, 
due in part to the large number of variables in cata- 
lyst, resin formulation, and technique. A representa- 
tive type is, however, listed in the table previously 
referred to. 

Arc Resistance. An analysis of the material charac- 
teristics that influence arc resistance will show many 
contributing factors. The ASTM method D-495, which 
is designed to simulate service conditions, strikes an 
arc in close proximity to the surface of the plastic, and 
at specified time intervals the electric current intensity 
in the arc is increased. This means that the surface 
temperature of the plastic is being raised. The susten- 
ance of the arc depends upon the availability of elec- 
trically conductive decomposition products produced 
largely from thermal breakdown at the surface of the 
plastic. Thermal breakdown at the surface of the plas- 
tic can be minimized by (1) good heat conductivity 
of the plastic, which alleviates the temperature effect 
of the arc, or (2) by release of copious quantities of a 
vapor from the plastic, the heat energy of the arc being 
transformed into latent heat of vaporization and ioniz- 
ation of gas molecules from the plastic. Water is an 
ideal fluid in this respect, and will, because of its high 
heat of vaporization, exercise a cooling action, so long 
as it is available in sufficient quantity. It is note- 
worthy that vulcanized fibre and amino plastics are 
useful as arc-resisting materials because of the rela- 
tively high residual water content. Nonpolar materials 
are excellent in their arc resistance if the products of 
their thermal decomposition are nonpolar and non- 
ionizable. Nonpolar thermoplastics, however, such as 
polyethylene and polystyrene inherently possess good 
arc resistance, though the heat of the arc will tend to 
distill off monomer of low-molecular-weight fractions 
which will leave a scarred path in their wake. 

Failure under arc resistance is largely a cumulative 
process as more and more electrically conductive de- 
composition products are formed, generally as carbon 
deposits or as ionizable vapors. While water vapor 
fits into the latter category, when available in copious 
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quantities it may have a quenching action. Failure 
under arc resistance is generally recognized when the 
arc above the surface is drawn down on the surface of 
the plastic, which conducts the electrical discharge, 
rather than the air gap. Melamine and urea plastics 
and mineral-filled alkyds are outstanding in their arc 
resistance and are found in applications requiring op- 
timum performance. Even more critical conditions pre- 
vail at high altitudes where reduced pressures will mini- 
mize the volatiles or byproducts which absorb some 
of the arc energy, thus decreasing arc resistance. 
Correlation of arc resistance to other dielectric quali- 
ties is not readily apparent, largely because the thermal 
effects of the arc resistance test are not present in 
other tests; but there is some evidence that a corre- 
lation exists between temperature and arc resistance. 
For example, melamine and molded urea plastics with 
ignition temperatures of about 1500 F also possess 
highest are resistance. 

Corona. The resistance of plastics to corona is not 
well understood and surprisingly little quantitative data 
are available. The highly ionized gas layer which is in 
the vicinity of small-radii 
conductors at high voltages 
appears to exercise an em- 
brittling effect on some plas- 
tics, though the degree and 
extent of this condition is 
not well known. It is probable that the ions which are 
repelled from and attracted to the conductor at high 
velocity may produce other ions by collision. If embrit- 
tlement has occurred in the plastic insulator, it may 
be due to rupture of chemical bonds, under the impact 
of high velocity ions, a condition which would weaken 
the plastic. 

The need for corona resistance has been particularly 
evident in the case of ignition cable. insulation, and 
procurement specifications have been careful to specify 
a minimum cracking, after the cable is exposed to 
corona and then flexed about a specified mandrel. 
This is a rather severe test, but it has instigated con- 
siderable improvement in the quality of the material. 

(Continued on page 190) 


Corona is the big problem. 
How much working data 


have we actually devel- 
oped on its effects? 
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quired for design work and 


ing article will show how the method is applied in solving 
design problems in both mechanical and electrical equipment. 
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EFINED as a voltmeter with an inertia-free 
moving system, the cathode-ray oscillograph 
requires a negligible amount of power from the 
source being measured. It shows on a screen the in- 
Stantaneous magnitude of practically any variable phys- 
ical quantity or characteristic. In addition, it is a two- 
coordinate or curve-tracing voltmeter because its unique 
pointer may be simultaneously deflected along each of 
two perpendicular axes. A beam of electrons emitted 
from a hot cathode and focused by the tube elements 
forms the pointer. This beam writes on a screen of 
fluorescent material on the inside of the large end of 
the evacuated tube. Control of the pointer is vested in 
deflection plates or coils by either electrostatic or elec- 
tro magnetic forces, depending on the typeof cathode- 
ray tube. 

Because of its versatility, and being an electronic de- 


Performance Characteristics 


Vertical and horizontal 
A-c amplifiers 
Vertical and horizontal 


Frequency response, 


cps 


How to use the OSCILLOSCOPE as a 


Features of the general-purpose oscilloscopes, accessories re- 
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Table I—Specifications for Typical General-Purpose Oscilloscopes 


Make A! 


0-30,000 (—15%)* 














operating techniques. Conclud- 








Electrical Engineer 









vice, the cathode-ray tube fitted into the development 
and use of radio, television, and radar in countless ways. 
This association has caused many to cast it, like a char- 
acter actor, into a single role. Many designers do not 
yet realize the role it can play outside of the electronics 
lab in solving engineering design problems. 

Practically all general-purpose oscilloscopes with 
screens 7 in. or less in diameter are of the electrostatic 
type in which electric fields are used for focusing the 
electron beam and controlling its deflection. A voltage 
applied through the vertical-input terminals to the ver- 
tical-deflection plates controls the vertical movement 
and position of the electron beam. Deflection in a hori- 
zontal direction is similarly controlled by whatever volt- 
age is supplied through the horizontal-input terminals 
to the horizontal-deflection plates. This horizontal de- 
flection quite commonly is produced by a linear time- 











Make B- 


20-100,000 (—10°;)* 
20-300,000 (—50°%) 
0-100,000 (—10°;) 


Make C* 


580,000 (410%)* 
0.5-150,000 (450%) 


D-c amplifiers 0-50,000 (—50°) 0-300,000 (— 50°7) 

Sweep frequency, cps. 120,000 2-30,000 3-30,000 
ee Direct, vertical 18 12 
- Sena ; Direct, horizontal oS 21 15 

oun ~ otcamieemmn Vertical amplifier 0.18 0.01 0.02 

ae Seen See Horizontal amplifier 0.21 0.05 0.024 

1 : Vertical amplifier 1 meg 2 meg, 50 mmf 1 meg, 35 mmf 
nput impedance Horizontal amplifier 1 meg 2.2 meg, 50 mmf 1 meg, 35 mmf 
Single sweep feature No Yes No 
Beam intensity modulator No Yes No 
Tube diameter, in. 3 5 5 
Weight, lbs 27 50 31 





1 General Electric Co., publication FSD-140. 2? Allan B. DuMont Laboratories, Inc., 


* Gain may vary over the frequency range by the amount in parenthesis. 


Form 10010. 3% Radio Corporation of America, Instruction Book WO0-60C. 
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Typical 
general-purpose instruments 
for engineering development 


service; these cathode-ray oscilloscopes function 


as sensitive inertia-free voltmeters for instantaneous 
measurements and indication in two coordinates. 
Left to right: Hickock, DuMont and RCA. 
Separate amplifiers are provided for 
horizontal and vertical ordinates; built-in 
oscillators provide a linear time-base. 


base voltage. Normally it is provided from a “saw 
tooth” oscillator built into the oscilloscope in which case 
it is referred to as a recurrent sweep. Most oscilloscopes 
have provision for synchronizing this linear time-base 
generator with the incoming signal or with an external 
signal. Many also have provision for a single or driven 
sweep which is started by the signal being viewed or, 
it desired, by a signal to the synchronizing terminal ; 
one sweep occurs with each signal—a convenience for 
visual and photographic work where a signal is irregu- 
lar or occurs only once and therefore does not permit 
synchronization of the recurrent sweep. 

Beam intensity modulation, or Z-axis input is pro- 
vided on some instruments to facilitate time measure- 
ments and to introduce reference marks in the writing 
trace. A pulse or square wave will momentarily sup- 
press or intensify the trace, depending on the Z-signal 
polarity. 

General-purpose oscilloscopes are the best suited for 
engineering test work since they can be used with fre- 
quencies ordinarily encountered from direct current to 
as high as 200,000 cps. Data for a 3-in. and two 5-in. 
cathode-ray oscilloscopes are given in Table I to show 
typical general-purpose instrument characteristics. The 
3-in. tube provides larger traces than the 3-in. tube 
with nearly proportional refinement of accuracy in meas- 
uring traces, but the larger tube in itself has no other 
advantages. The 3-in. tube provides adequate reading 
accuracy for many tests; in fact, a cathode-ray oscil- 
lograph with a 1-in. tube has been found advantageous 
for certain ordnance test work. (1)* 

Specifications and extra features vary widely with 
cost and manufacturer. The maximum obtainable fre- 
quency exceeds 1000 mc, yet many of the oscilloscopes 
intended for radio and television work can be used on 
commercial frequency work down to 30 cycles per sec 
or less. Frequency range and sensitivity are primarily 
determined by the amplifiers provided. A special os- 
cilloscope for low frequency use only, having a vertical 
sensitivity of 0.0003 volts per in. has been developed for 
strain gage measurements and electro-physiological re- 


* Italic numerals in parenthesis apply to references at end of article. 
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search. (2) For convenience it has a built-in moving- 
film camera. Other special oscilloscopes having two or 
even four independent beams in one tube have been 
constructed for simultaneously viewing a multiplicity of 
related variables. These are especially advantageous for 
moving-film records since only one camera is required 
to record all of the traces shown on one screen. 

High accelerating voltages are available in some 
scopes to provide very bright traces or even allow the 
use of a projection lens and 12-ft screen in a semi- 
darkened room. Also, tubes are available with a wide 
variety of trace persistence—very short for photo- 
graphic purposes to very long for observation of low 
frequency phenomenon. Some instruments are so built 
that the trace may ‘be expanded without distortion to 
several times the screen diameter and the trace posi- 
tioned so any part may be observed. This magnified trace 
provides an effective screen diameter several times the 
tube diameter, facilitating detailed examination of the 
trace. Tubes with circular sweeps are also available. 


Where Oscilloscopes Are Used in Design 





Measurements that oscilloscopes can make on elec- 
trical circuits are summarized in Table II (page 88) 
for commercial frequency circuits. In applying the in- 
strument to design problems, the effect or character- 
istic to be investigated is converted by transducers to a 
voltage or current of the proper order to be accepted 
by the oscilloscope. 

Voltage calibrators, either built-in or separate units, 
are helpful in many measurements ,and may be designed 
to deliver a sine wave, square wave or direct current. 
Calibrators are ordinarily used in the substitution 
method with the signal and calibration voltages viewed 
successively on the screen. Either the calibration volt- 
age is adjusted to give the same deflection as the signal, 
or the sensitivity adjusted to give a required deflection. 

Square-wave generators are useful not only in test- 
ing electronic ampliers, but also in such applications as 
testing differentiating and integrating networks for 
servo control systems, the auxiliary circuit for showing 
B-H curves (3), computing circuits used with vibration 
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Additional input accessories 
including: torsional vibrome- 
ter, machine-tool spindle with 
strain gage elements mounted 
inside the slip rings, spotlight 
and toothed disk for photo- 
electric speed measurement, 
flux pickup coils (front), ad- 
justable-speed cam - operated 
switch contactor, and two con- 
stant-speed switches driven by 
small gearmotors. 





Output accessories for photographic recording make 

permanent records: home-mounted 35-mm still camera, 

Fairchild moving-film camera and a Fastax high-speed 
16-mm camera with continuously moving film. 


pickups, or to furnish timing impulses to the CRO 
(abbreviation used hereafter for cathode-ray oscillo- 
scope). 

Adjustable-speed contactors are indispensable for 
providing repetitive operation of switches, relays, arc 
suppressors, etc., for visual CRO observation. A sim- 
ple contactor can be constructed by operating automo- 
bile ignition contacts with a cam mounted on the output 
of a small gearmotor, or a precision snap switch can 
be used with a suitable cam. Adjustable-speed opera- 
tion is readily obtainable by driving the cam with one 
of the small variable-speed drives now on the market. 

Resistance shunts may be of the accurate commercial 
variety, or if an overall current calibration is to be 
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Standard accessories are avail- 
able to convert the measured 
phenomena to voltage or cur- 
rent at levels required by the 
oscilloscope. Other applica- 
tions may require special in- 
put accessories. Left to right: 
home-made phase shifter, au- 
dio oscillator, voltage calibra- 
tor, preamplifier for strain 
gage outputs, and a two-chan- 
nel electronic switch. 


made, the shunt may consist of a short section of suit- 
able wire. In either case, if phase angle or high-fre- 
quency harmonics are of impartance, thought should be 
given to inductance and, especially for transients, edge 
effect or skin effect. Voltage dividers of the resistance 
or capacitance type likewise may be purchased or as- 
sembled for the job. Phase angle and errors due to 
stray capacitance should be considered and eliminated, 
or accounted for if of consequence. Commercial in- 
sulated carbon or wirewound resistors of a good grade 
are practical for low current shunts, and for moderate 
and low voltage dividers. They may be checked by a 
Wheatstone bridge if accurate resistance values are nec- 
essary. 

In determining frequencies of voltages and vibra- 
tions, and to provide timing waves, an adjustable audio- 
frequency oscillator is very helpful, if not indispensable. 
The lower end of the frequency range should be 20 
cycles or less. 

Other input accessories include various types of 
transducers, such as described in an earlier article in 
ELECTRICAL MANUFACTURING. (4) Among these are 
displacement, velocity, acceleration and pressure pick- 
ups, and also strain gages, photoelectric and acoustic 
devices. 

Studies of voltage wave form delivered by distortion- 
producing devices, such as voltage-regulating transform- 
ers and other apparatus involving simultaneous related 
effects, have led to the development of electronic 
switches. These switches alternately supply first one 
and then the other of two signal voltages to one os- 
cilloscope input. For example, the primary and sec- 
ondary voltages of an oil burner ignition transformer 
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Traces observed with 
two different meth- 
ods for measuring 
an unknown ss fre- 
quency by compar- 
ing with a known: 
Lissajous figure on 
left formed with an 
integral ratio, and 
gear-wheel trace pro- 
duced by imposing 
input on a circular- 
sweep trace. 








may be viewed apparently simultaneously by using an 
electronic switch to supply in rapid succession first one 
voltage and then the other. Phase, wave shape and 
amplitude of two signals can be compared. More than 
two signals can be viewed in the same manner by using 
cascaded, synchronized two-channel electronic switches 
or by using a multi-channel switch. (5) Such switches 
give somewhat the same results as multi-beam oscillo- 
scopes but may sacrifice some detail because the elec- 
tron beam is controlled alternately by the signals. Con- 
trols permit adjustment of the relative trace positions, 
amplitudes, and frequency of transferring from one 
signal to the other. 

A circular sweep device, developed by DuMont (6) 
has been applied, for example, in analyzing perform- 
ance of internal combustion engines. This cathode-ray 
polar-coordinate indicator is essentially a two-phase 
alternator, directly driven by the engine shaft. The 
quadrature voltages are supplied to a special circle 
amplifier and thence one voltage is supplied to the ver- 
tical and the other to the horizontal amplifier input 
terminals on the oscilloscope. The signal to be ob- 
served, such as the ignition spark, is also supplied to 
the circle amplifiers which cause the signal to appear 
radially on the trace. 

Output accessories for oscilloscopes are principally 
optical or photographic. A cross-ruled transparent disc 
with a mounting device to hold it in front of the tube 
is practically a necessity. A black hood or short cylin- 
der to shield the tube from excess light is likewise 
helpful to improve the visibility of the trace in well 
lighted rooms or to observe high writing rates. 


Photographic Accessories Needed for Transients 


Permanent records are desirable in many instances 
and are most easily obtained photographically. Single 
transient phenomenon unintelligible by visual observa- 
tion may be recorded and readily studied later. Where 
repetitive traces are obtainable, ordinary still cameras 
of any practical film size, but capable of being focused 
to close distances, can be used with most scopes re- 
gardless of screen persistance. Satisfactory exposures 
can be obtained with lens openings of fll to f4.5 and 
shutter speeds ranging from 1/25 to several seconds 
using high speed film (125 ASA rating) and normal de- 
veloper. Lens speed of f4.5 or greater and use of a 
high-contrast developer are usually necessary for single- 
sweep records. A light-tight shield between the lens 
and screen is desirable. Extreme writing rates often 
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require special equipment and techniques. At least one 
still camera, the DuMont 271-A, has been especially 
designed for oscilloscope use. 

Specialized moving-film cameras covering a wide 
range of speed are available. Although they cost much 
more than the general-purpose oscilloscope, they do 
provide records obtainable in no other way. For ex- 
ample, the Western Electric Fastax 16-mm high speed 
camera with continuously moving film can be adapted 
to oscillographic work which requires film speeds great- 
er than about 25 ft per sec. General Radio Type 
651-AE oscillograph recorder normally provides 5 to 
35 ft per sec (lower speeds are obtainable), and the 
DuMont Type 314 or the Fairchild camera covers the 
film speed range between 5 ft per sec and 1 in. per 
min. High sensitivity film, fast lenses and low per- 
sistence fluorescent screens are essential in moving-film 
recording. The Pll phosphor is the most’ efficient 
screen coating; it is exceeded in shortness of persist- 
ence only by the P5 phosphor. 

Most oscilloscopic work is for the purpose of ascer- 
taining how some quantity varies with time. Deter- 
mination of voltage wave-shape, vibration frequency, 
shutter speed and relay operating time are in this cate- 
gory. The internal sweep circuit generally supplies the 
(horizontal) linear time-base for visual observation of 
such characteristics or effects. 

Electrical phenomena may directly supply a voltage 
for the vertical deflection of the electron beam, but 
transducers are necessary to obtain a voltage propor- 
tional to variation of mechanical properties or motions. 
A transducer is merely a device for producing a volt- 
age proportional at any instant to some varying phys- 
ical quantity. Vibration pickups and microphones are 
typical. 

A non-linear time-base is advantageous for certain 
purposes, such as the determination of an unknown 
frequency. In this instance a sinusoidal voltage is 
supplied to the horizontal amplifier of the oscilloscope 
to provide a time base. An excellent timing system is 
available in oscilloscopes equipped with beam modula- 
tion or Z-axis input, as it is independent of the deflec- 
tion input channels to which the signal and sweep are 
supplied. Another time base is the circular sweep 
which is linear with respect to angle swept. 

Traces involving an independent variable other than 
time may show physical relation of cause and effect. 
For example, torque and the angular acceleration result- 
ing from it could provide the coordinates. Considerable 
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work has been done in developing the technique for film record. This may be done by superimposing an 
showing B-H magnetizing curves. (3) Abscissas in impulse on the signal, or by a mark from a light which 
this case are proportional to magnetomotive force and _ flashes under the control of a moving contact or trigger 
ordinates are proportional to flux density. on some part of the machine. Small neon indicator 

Visual observation or measurement of the pattern on _—_lamps placed in front of the cathode ray tube can be 
the screen, or a trace of it on transparent paper, suffices used to provide a number of time flashes or traces as 













for much test work. For a permanent and accurate rec- desired. Either of these same means, supplied from 
ord, especially useful when the trace must be studied or —_an oscillator, may be used to provide a time-interval 
analyzed, a still or moving-film or paper photographic scale on a moving film; the superimposed impulse may 
record is necessary. also be used on a still-film record. 

Techniques for recording oscilloscopic traces and More sensitive measuring devices are always more 
much helpful information on phosphor characteristics susceptible to external influences. Because it requires 
and film speeds have been compiled by Ruiter, and by an extremely small amount of power input, the oscillo- 







Hale and Mansberg. (7) When the oscillogram must scope is a sensitive measuring instrument, particularly 
be scaled to determine physical quantities, recording is | when the amplifiers are set for high gain. Stray volt- 
simplified and errors are minimized if calibration ages trouble the experienced user less than the begin- 
deflections are photographed immediately prior to or ner only because he avoids them. These voltages may 
after the test trace has been recorded. An alternative be electromagnetically induced by flux linking with un- 
but less accurate and more cumbersome procedure is to _ twisted input leads or they may be induced in the test 
calibrate the oscilloscope itself and apply the camera circuit. Stray voltage may also be induced electro- 
reduction and projector multiplication factors. statically either in the leads, test circuit or sometimes 

When recording the performance of a machine it is _ through the power supply to either the test setup or to 
often essential to correlate the position of some machine the oscilloscope. Shielding the leads, and test circuit 
element with the corresponding instant on a moving- where necessary, and grounding the shields to the os- 




















Table Il—Typical Electrical Circuit Measurements made by Cathode-Ray Oscilloscopes 





Characteristic Vertical deflection input Horizontal input—observation 
Voltage or current 
Peak value Voltage None or LTB* 
Wave shape Voltage LTB 
Phase angle Voltage from one V or |** Voltage from other V or I 


Observe shape of figure and ratio of 
Y-intercept to max Y-deflection 


Both through electronic switch LTB. Observe phase displacement 


First one V or I and then the other Voltage from a calibrated phase shifter 
(read angle of shift to bring V in phase 
with second quantity) 



















Frequency of voltage or current Unknown frequency Known frequency between 1/5th and 


5 times unknown. Observe Lissajous 





’ figures 
Known frequency from 90° phase split- Known frequency phase to produce cir- 
ter plus unknown (ratio more than 5:1) cular trace plus unknown. Count teeth 


on circular trace. 


Known frequency from phase splitter Known frequency phase to produce cir- 
cular trace 






Unknown frequency fed to Z-axis in- Observe number of dark spots in the 
put circle 
Magnetic flux 
Distribution or wave shape Pickup coil and integrating circuit LTB. Measure peak deflection and 
phase relation. 

Magnetic flux phase relations Pickup coil. (Use filter if necessary to Voltage from calibrated phase shifter. 
eliminate harmonics.) Integrating cir- Compare in-phase settings. (Allow tor 
cuit will shift induced voltage 90 phase shift due to filter for absolute 


phase angle) 












B-H curves Integrated voltage from coil linking Voltage proportional to sinusoidal ex- 
flux citing current. Observe shape of B-H 
loop. (Phase shift error is important.) 


Impedance Voltage across the known adjustable LTB or no horizontal deflection. Adjust 
resistance to be substituted for the un- resistance to give same amplitude on 
known Z voltage same current as in Z 

Characteristics of Voltage input as supplied the computer, LTB. Observe wave forms and phase 

Computing networks followed by the output voltege, or both 


(commercial frequency) through an electronic switch 


* LTB=tinear time-base from internal sweep signal generator. ; 
** For most accurate work the inputs should be directly to the plates unless the amplifiers have identical phase shifts. 
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S Typical application of the cath- 
- ode-ray oscilloscope to measuring 
y wave form. With this circuit used 


to balance out the fundamental of a distorted voltage 

(left) delivered by a regulating transformer, the _ har- 

monics remaining after eliminating the 60 cycle funda- 
mental are shown at right. 


t 
cilloscope (which also should be well grounded) will 
minimize the stray voltages. However, if the ground 


is subject to stray potentials it may be necessary to 
isolate the oscilloscope and associated circuits from 
ground, 

All amplifiers produce some phase shift and have 
only a limited range of frequencies over which their 
gain is substantially constant. These limitations may 
cause errors in phase, wave shape or magnitude. The 
square-wave generator previously mentioned will assist 
in ascertaining these sources of error. Inductance of 
shunts and resistances and stray capacitance of coils 
and resistances, particularly at higher frequencies, will 
cause phase shift and changes of impedance. It should 
be kept in mind that a low frequency voltage which has 
a steep wave front, approaching that of a square wave, 
actually consists of both low and high frequencies. 






Other Articles on Engineering Testing 





In a continuing program of evaluating and presenting 
data on engineering testing as it relates to product 
development and improvement, the following articles 
have appeared in earlier issues of ELECTRICAL 
MANUFACTURING: 

Shock Testing in Design, F. D. Schottland, March 1950, 
p. 113. Methods for quantitative evaluation of 
impact. 

Commutation Measurement, R. T. Lundy, January 1950, 
p. 94. Oscilloscope and electron-tube voltmeter 
employed to measure brush and commutation per- 
formance. 

Design the Right Plastic Into Your Major Appliance, 
F. A. Martin, January 1950, p. 60. Includes testing 
procedure and equipment to evaluate both mate- 
rial and design. 

Testing Induction Motor Rotors, E. Webking, November 
1949, p. 96. Low-cost production test for squirrel- 
cage rotors using a cathode-ray oscilloscope. 

Resistance Welding of Aluminum, I. W. Johnson, No- 
vember 1949, p. 100. Oscilloscope used in develop- 
ing a resistance welding cycle for increased elec- 
trode life. 

Sound Level Meter, Henry Chrystie, October 1949, p. 

130. Self-contained pocket size meter for meas- 

uring sound and vibration. Reprinted by H. H. 

Scott, Inc., Cambridge, Mass. 
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Eliminating Noise in a Brush Holder, P. H. Geiger, 


Shock Resistance of Molded Thermosetting Plastics 


Instruments for Sound and Vibration Measurement, 


Bearing Wear Caused by Electric Current, D. F. Wil- 


Engineering Testing in the Small Plant, J. C. Lebens, 


Testing Is a Function of Product Development, G. P. 





In all cases involving transducers, consideration 
should be given to: 


Mutual reactions between studied phenomenon and 


transducer, 


Ability of the devices to translate desired phenomenon 


into an equivalent electrical signal, 


Mutual reactions between transducer and oscilloscope 


input circuit, 


Possibilities of stray pickup in any component of the 


test equipment or of the system being studied. 
Sources of stray effects are: electromagnetic or 
electrostatic fields, vibration, shock, thermal, pho- 
toelectric, static charges, power supply voltage 
variations, etc. 


Oscilloscope amplifier input circuits, unless they are 
direct current amplifiers, customarily have a capacitor 
in series with the amplifier input terminals. This capa- 
citance prevents a continuous deflection with d-c input 
although the transient deflection when d-c is first ap- 
plied may be proportional to the signal magnitude. 

If the electron beam impinges on one spot con- 


(Continued on page 198) 


September 1949, p. 116. Vibration survey located 
source and checked effectiveness of design changes. 
Reprinted by Burroughs Adding Machine Co., 
Detroit, Mich. 


Materials, August 1949, p. 80. Test procedures and 
equipment developed to aid in design and in 
establishing specifications. Reprinted by New York 
Navy Yard, Brooklyn, N. Y. 


W. R. Saylor, March 1949, p. 108. Advantages 
and limitations of various types of instruments 
useful in engineering design. Reprinted by Gen- 
eral Radio Co., Cambridge, Mass. 


cock, February 1949, p. 108. Engineering labora- 
tory tests determined conditions minimizing wear 
to aid in design of motor bearings. 


December 1948, p. 106. A review of methods and 
essential equipment required in maintaining per- 
formance and quality, setting up specifications and 
checking materials and components. 


Daiger, October 1948, p. 167. Test procedure and 
methods, standard and special test equipment used 
to carry new products through development at 
The Hoover Company. 












































Seven basic 


tem the output is both controlled by 
and a function of the input, and 
continually changes to keep the difference 
between output and input as close to zero as possi- 
ble. (1)* This type of control system is often called 
a “null-balance” system because the output is constantly 
striving to balance the overall system of control in such 
a manner that the difference between output and input 
is kept to a null or minimum. In general, almost all 
servo applications can be classified under one or more 
of these general types: mechanical amplification, remote 
positioning, remote control, automatic control, reaction 
measurement, pilot control and computer element. 

Mechanical amplifier types can best be described 
using an electron tube as an electrical analogy. A 
small alternating voltage applied to the grid will cause 
large variations in plate current flowing through the 
primary of an output transformer, and power available 
at the transformer output is several thousand times the 
input power available at the grid. Thus, power is am- 
plified by the electron tube by controlling the power 
supplied by an external source. 

Servomechanisms similarly provide power amplify- 
ing means for mechanical systems. Gearing or lever 
systems, not to be confused with a mechanical power 
amplifier, vary the speed or torque as required but 
power remains constant. A mechanical amplifier, such 
as the one shown in Fig. 1, increases the output power. 
This type of control sys- 
tem is known as a close- 
coupled system since in- 
put and output must al- 
ways be together; it is 
not adaptable to remote 
control. The input shaft 
has a light-contact wiper 
operating against two 
sectors on the output 
shaft. When the system 
is in balance the wiper 
contact on the input shaft 
is between the two sec- 


[ A closed-loop servo control sys- 


“ Numerals in parenthesis apply 
to references at end of article. 


Low input 


Fig. 1—Close-coupled me- sel. 


chanical power amplifier em- 
ploys servo clutches energized 
by contact on low-power input 
to keep output shaft in step. 
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tors on the output shaft, resting on the 
‘“‘deadspot” area. When the input shaft 
is moved to contact one of the sectors, 
clutches are energized to drive the output 
shaft in the correct direction until the wiper once more 
rests between the two sectors. Input torque may be 
very light—just enough to turn the wiper contact. The 
output torque is limited only by the power of the servo- 
mechanism driving the system. 

Limitations of the mechanical amplifier are much the 
same as those of the electrical power amplifier. The 
speed of response is limited by the speed of the servo- 
mechanism used. Above a certain frequency the output 
response will drop rapidly as the frequency is in- 
creased. (1) Furthermore, the accuracy of the ampli- 
fier is dependent upon the width of the deadspot. Ac- 
curacy is computed by dividing half the width of the 
deadspot by the total travel, using half of the dead- 
spot width since the contact wiper can be no fur- 
ther from exact balance or it will actuate the servo 
to correct itself. The term “error” is often used 
rather than “‘accuracy” since the difference between 
input and output position is really an error in the 
ideal system. 

Power amplifiers may be used in machine tools 
to follow special templates or position heavy turrets 
from low power sources. Similar problems are 
solved in aircraft by the system shown in Fig. 2 
in which the altitude of an airplane, measured by a 
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Their ADVANTAGES and LIMITATIONS as control systems 


for mechanical amplification, remote positioning, automatic 


control, reaction measurement and pilot control service. 


barometer, is fed into an automatic flight computer by 
acam. Output force of the barometer bellows is hardly 
enough to move a dial, much less a cam, but it can move 
the center contact by means of a lever system. The 
servo moves the two control contacts so the center con- 
tact always is kept between. The control contacts are 
then linked mechanically to the altitude cam so the 
servo positions the cam but is controlled by the bellows. 

Remote positioning with servos is similar to the 
problem of the mechanical power amplifier except for 
one basic difference. The input control need not be 
located in close contact with the output so the limita- 
tions of a close-coupled system can be overcome. (2) 
Remote positioning systems which employ other types 
of feedback loops, either electrical or hydraulic, are 
somewhat more complicated. 

In most remote positioning devices the input supplies 





Bellows 








Contact arm moved -- 
by bellows through 
step-up linkage 


Servo drives altitude 
dial and computer cams 


Altitude scale 
<) and pointer 


the desired positioning information to the servo control 
element. The control element may be located either at 
the input, output, or some intermediate point, depend- 
ing on design or convenience requirements. The output 
is moved by the servo system until a null balance re- 
sults. Usually this is done by causing the output to 
position a sensing element (3) identical to that on the 
input. When the two sensing elements are in identical 
positions, and hence feed similar information to the 
control element, the system is in balance and the servo 
stops. The power output of such a system is limited 
only by the size of the servo used so mechanical power 
amplification is also available with this type of control 
system. 

Remote positioning may be used to tune a radio re- 
ceiver on an airplane when it is not convenient to locate 
the radio receiver near the pilot. A rigid mechanical 
shaft is not very practical for long dis- 
tances; the servo allows the input tun- 
ing to be done effortlessly since all 
power to turn the tuner is supplied by 
the servo. When the controls are elec- 
trical, the radio equipment may be re- 
moved for maintenance, merely by 
unplugging connectors. Another ex- 
ample is transmitting a weighing scale 
reading to a remote point as shown in 
Fig. 3. The weight of the truck posi- 
tions the servo input and this informa- 
tion is used to position a pointer on a 
dial by means of the servo and its asso- 
ciated control equipment. 

For either long distances or rapid 
response, electrical systems are supe- 
rior to pneumatic or hydraulic servos 





Fig. 2—Another type of 
power amplifier used to intro- 
duce an altitude factor into 
a flight computer for air- 
craft; servo moves dial to 
keep the contact centered. 


Fig. 3—Remote indication 
may be provided over long 
distances by synchro units 
with a servo motor driven by 
an amplifier operating the 
indicator element. 


Truck on weighing 
Platform 
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Remote reading in 
supervisors office 
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Remote dial 


because of pressure drop Constant-speed 
and time lag. For a given 
system the accuracy is 
approximately inversely 
proportional to the speed 
of the system. Trying to 
push the accuracy beyond 
its limits means reducing 
the deadspot to the point 
where instability enters 
the control system. In 
designing a remote posi- 
tioning system, the power 
output should first be de- 
termined and then the re- 
sponse speed and accu- 
racy, bearing in mind 
that some compromise 
between speed and accu- 
racy may be necessary to 
‘insure stability. 

Remote control is 
similar to remote posi- 
tioning except that the 
output of the servo is 
used to actuate some con- 
trolling device such as a 
valve or speed regulator 
to control voltage, cur- 
rent, speed, flow or other 
variable factors at a more 
convenient point. (4) Re- 
mote control does not 
imply automatic control. 
The closed-loop control 
system only involves 
positioning a controlling 
device in accordance with 
information supplied by 
a manual input. 

Automatic control 
supplies the greatest 
number of servo applica- 
tions, and it is here that 
the servomechanism 
often does a far superior 
controlling job than the 
human being. Human 
errors and individual 
characteristics are entire- 
ly eliminated so that all 
control factors remain 
constant. This does not 
imply that the need for 
humans will be greatly 
reduced. Machines will 
only replace the simple, routine, and boring jobs and 
relieve the operator for more creative functions. 

In closed-loop automatic control systems such as the 
four shown in Fig. 4, the factor being controlled enters 
into the closed loop. In the automatic speed control A, 
a single-speed motor through a variable-speed drive 
controls the output speed. A tachometer generating a 
d-c voltage proportional to speed is driven by the out- 
put shaft. On the input control a d-c voltage is set up 


Varying line 


Thickness 
adjustment | 
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Fig. 4—Automatic control servos for four typical applications: automatic speed control A, 
voltage control B, a similar system C for controlling fluid flow, and mechanical displace- 
ment D. These are closed-loop systems that work to a null balance, with magnitude of 
correction proportional to the error and response time lags of no appreciable length. 


corresponding to the output of the tachometer at the 
desired speed to be maintained. The control amplifier 
compares the tachometer voltage to the voltage from 
the speed setting, and actuates the servo to adjust the 
output shaft speed until the system is in balance. When 
a closed-loop control system such as this works to a null 
balance, changes in output load have negligible effect 
on speed control. 

Much the same sort of system is used at B in Fig. 4 
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Fig. 5—Speed and position 
are both synchronized in this 
system developed for print- 
ing presses. From a synchro 
unit driven by the master 
shaft, signals are sent to the 





receiver shown here; the 
amplifier detects deviations Synchro 
and drives servo motor to rece/ver 


keep shafts in synchronism. 


Amplifier Servo 
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Thermocouple 





to control voltage with a variable autotransformer 
driven by a servo. The output voltage is compared to a 
standard voltage and fed into the control amplifier. 
When an error occurs the control amplifier actuates the 
servo to adjust the output voltage to balance again. If 
the fixed reference voltage is independent of line volt- 
age and load variations, the output voltage also will be 
independent of these variations. The amount of power 
regulated with this method is limited only by size of 
the autotransformer. 

Automatic control of fluid flow can be accomplished 
with the system shown at C. The valve is servo con- 
trolled by a Venturi flow meter. Pressure difference 
in the U-tube causes floating magnetic slugs to shift 
their position within inductance coils mounted around 
the U-tube and connected in an inductance bridge. The 
control amplifier detects any unbalance and actuates the 
servo to either open or close the valve as required, re- 
storing the system to balance. (5) The rate of flow can 
be set by a flow setting or adjustable inductance in one 
leg of the bridge. 

Automatic coating thickness control is accomplished 
with a servo system in the diagram shown at D in Fig. 
4, in which the servo adjusts the height of the coating 
roller. To the right of the coating roller is another 
roller which measures the thickness of the coating and 
transmits the information to the control amplifier. The 
servo is actuated by the control amplifier whenever the 
coating thickness varies from the desired value and the 
coating roller is thus automatically adjusted. 

Note that in each of these cases the type of correc- 
tion is proportional to the error. This is proportional 
control. Also, each process being controlled has few or 
no time-lags of any appreciable length. Thus, changes 
are corrected rapidly, and any variations of the control 
element are shown immediately. Wherever long time- 
lags exist in the process two-step control can be used. 
In this type the controller can assume either of two 
positions, the sensing element determining which posi- 
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Fig. 6—Simple example of 
reaction measurement. Poten- 
tial from the thermocouple is 
compared to a known volt- 
age, and the error amplified 
to operate a servo which ad- 
justs the known voltage to 
bring it equal to the input. 


tion the controller should take. The most common il- 
lustration of this type of control is the room thermostat : 
long time-lags due to thermal capacity make this type 
of “off-on’” two-position control quite effective. How- 
ever, in processes which require proportional control 
and have short time-lags, control can best be achieved 
with a servomechanism. Note also that in each of the 
four illustrations shown, manual control could have 
done the same thing but the servo offers a method of 
doing the job automatically and more effectively. 

There are many special cases of automatic control 
which involve more than one application of servos, such 
as the example shown in Fig. 5. This type of system 
can be used to synchronize both speed and position of 
remotely located shafts such as on printing presses. 
The input information can be supplied by either a 
synchro indicator as shown or by a synchro control 
transformer operating a remote-positioning servo sys- 
tem. The spider of the differential operates the servo 
input control which feeds the control amplifier with the 
necessary information to balance the system, and make 
the output shaft assume the same speed and position as 
the input shaft. Forward and reverse drives are possi- 
ble with this system. Capable of automatic control, it 
also includes mechanical power amplification, remote 
positioning, and remote control. It is a typical example 
of many complex servo control systems which perform 
several functions simultaneously. 

Reaction measurement is another field which can 
employ servos effectively. To illustrate, consider the 
two general methods of weighing an object. The first 
is a spring scale in which the weight is measured by the 
deflection of a calibrated spring. The second and more 
accurate employs a balance in which the weight is de- 
termined from the mass required to balance the scale, 
a typical reaction measurement. The same method can 
be used in other types of measurements which employ 
servo control systems to restore the system to balance. 
The electrical counterpart of a reaction measurement 
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is shown in Fig. 6 as used to measure the output volt- 
age of a thermocouple. A sensitive galvanometer indi- 
cates in which direction the potentiometer should be 
moved to balance the system. In this type of manually 
balanced instrument a servo could be employed to auto- 
matically balance the system. Thus, the servo would 
adjust a reaction voltage by means of the potentiometer 
to balance the system, and the unknown voltage could 
be determined from the magnitude of the reaction volt- 
age. The same method may be operated with equal 
effectiveness using inductive sensing elements. (6) 
Reaction measurements of pressure at constant vol- 
ume are easily made by the method shown at A in 
Fig. 7. The servo balances spring force against gas 
pressure to keep the volume constant within the cylin- 
der. The gas pressure can be measured by either a 
pressure gage or the deflection of the reaction spring. 
Volume measurements at constant pressure can also be 
made as shown at B. Here spring pressure is kept 
constant by the servo, and volume within the cylinder 
is read directly from the pointer attached to the piston. 
An even more important application for reaction 
measurements is in the operation of a servo-controlled 
recorder, such as shown in Fig. 8, when the input volt- 
age from a strain gage, thermocouple or other source 
is plotted directly én a moving chart. In the schematic 
shown the output of the servo drives a variable voltage 
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source such as a potentiometer as well as the recording 
stylus. The servo positions the potentiometer to feed 
back a voltage to the input to just balance out the input 
voltage. The reaction voltage of the potentiometer is 
a direct measure of the input voltage and hence the 
potentiometer shaft can be mechanically linked to posi- 
tion the recording stylus. In many instances the same 
servo can perform the dual job. (3) 

Pilot control applications are specialized forms of 
servos already considered. They are different in that 
the servo is used to control or “pilot” a much larger 
servo. Suppose that for some remote positioning appli- 
cation a heavy hydraulic servo must be used with con- 
trol valves that are large and slow acting. Using a 
hydraulic closed-loop arrangement would give a slow- 
acting response. By using a mechanical servo in the 
closed loop to operate hydraulic valves, as shown in 
Fig. 9, the fast action of the electrical control system 
can be employed to obtain better results from the larger 
hydraulic system. 

Applications of servomechanisms in the computer 
field fall within the classes of service already consid- 
ered, but the overall picture of servo operation is more 
complex. Almost any operation done by a servo can 
be done by human hand, as we have seen; but usually 
the human operation takes much longer and is sub- 
ject to human error and fatigue. In computer work 
where rapid answers are 
required the servo offers 
the only solution. Fur- 
thermore, the  null-bal- 
ance control system is 
capable of turning out 
the correct answer even 
thought the input data 
keeps changing. A sim- 
ple illustration of a gun- 
fire control problem will 
show the importance of 
these two considerations. 

The problem is to di- 
rect a missile from the 
gun to hit a moving tar- 
get ; information supplied 
is the range and azimuth 
as the target keeps mov- 
ing. To compute the 
problem manually in- 
volves several trial and 
error calculations. First 
of all, it becomes neces- 
sary to resolve the range 
into its components. Be- 
cause the target is travel- 
ing at some velocity and 
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dervo Fig. 7—Reaction measure- 


ment of pressure at constant 
volume A and volume at con- 
stant pressure B are accom- 
plished by similar methods, 
the difference depending on 
the location of the moving 
contact and scale _ pointer. 
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Fig. 8—Basic elements of a 
reaction measuring system 
applied to drive a recording 
mechanism. Note that the 
servo performs a dual func- 
tion: it adjusts the reaction 
element to bring the measur- 
ing system into balance, and 
also supplies power to drive 
the pen mechanism. 
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direction which cannot be detected from the aiming 
position it becomes necessary to differentiate the range 
by estimating where the target will be at when the mis- 
sile strikes and then estimate the time of flight of the 
missile. Using the approximation of the time of flight, 
the position of the target is calculated and compared to 
the estimated range. If it is not close enough, the cal- 
culations can be repeated using a corrected value for 
the range. After several trials the estimated and cal- 
culated values will be quite close, but the input data 
changes long before the correct answer is found. 


References from ELECTRICAL MANUFACTURING 


Feature articles published on servomechanism de- 
sign in earlier issues and referred to in the text 
include : 


1. “Basic Approach to Servomechanism Design,” 
Richard Herst, December 1949, p. 80. Relative 
importance of speed, accuracy and stability, and 
basic methods for reducing hunting. Reprint avail- 
able lists 12 references from earlier issues of ELEc- 
TRICAL MANUFACTURING. (Copies of reprint sup- 
plied on letterhead request—see page 212.) 

. “Electronic Position Servo System for Industrial 
Applications,” Paul Glass, March 1949, p. 100. 
Industrial control components developed from mil- 
itary devices. Reprinted by Askania Regulator Co., 
Chicago 11, Ill. 

3. “Transducers — Sensing Elements for Servos,” 
J. R. Stovall, April 1950, p. 88. Range and out- 
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Fig. 9—In pilot control sys- 
Yj tems for heavy duty applica- 
tions, a small, fast-acting 
mechanical servo operates a 
larger slow-acting hydraulic 
closed-loop servo to reduce 

response time. Either 
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increased accuracy. 


The computer solves the problem in much the same 
way it was solved manually except for such things as 
resolving components mechanically. The essential dif- 
ference lies in the ability of the servo-operated com- 
puter to go through the numerous trials and corrections 
in a fraction of a second. As the computer determines 
each new value of range it corrects the time which in 
turn again changes range—at a rate dependent only on 
servo response. Thus, the computer can continue to 
provide instant and changing answers even when the 
input data is varying. oo00 


put for 17 types, and practical applications for 
measuring, recording and control functions with 
adjustable magnification. 


. “Synchro Units for Remote Indication and Con- 
trol,” S. N. Mead and G. E. Day, April 1949, p. 
74. Operating characteristics and design data on 
a-c self-synchronous servo units. Reprinted by 
Sig-Trans, Inc., Amesbury, Mass. 


. “Anti-Hunt Servo Amplifier,” J. F. Engleberger, 
February 1950, p. 114. Thermocouple controls fuel 
to combustion chamber to hold temperature con- 
stant. Reprinted by Manning, Maxwell & Moore, 
Inc., Bridgeport, Conn. 

. “Deflection-Type Temperature Recorder, A-C 
Servo Driven,” R. T. Nakasone, October 1949, p. 
116. Recording and control functions derived from 
galvanometer with flag passing between two sens- 
ing coils in a resonant-oscillator circuit. Reprinted 
by Wheelco Instruments Co., Chicago, III. 
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New Single-Spindle Automatic 
Departing from earlier designs, this new 
model has a box-shape frame for added regid- 
ity; pan is a double-wall structure supporting 
the headstock and one end of five-slide turret. 
Open tooling zone and absence of shafts aids 
setup from both sides. Turret is indexed by a 
separate motor and Geneva movement mount- 
ed in the turret outer support. Spindle is 
driven through change gears and three clutch- 
controlled range gears, each providing a dif- 
ferent speed without changing gears, with 
automatic selection from main cam shaft. 
Feed control is by direct drive from spindle; 
other operations such as chuck opening, stock 
feed and slide return are driven from a con- 
stant-speed shaft. Main drive motor mounted 
on top of machine is 25 hp, 1800 rpm. 


The National Acme Company, Cleveland 











Eraser with Worm Drive Automatic Envelope Sealer 
Worm-gear drive in this new 17-oz erasing Water feed system in this new sealer supplies a constant adjust- 
machine reduces motor speed of 17,000 rpm able pressure through sealing mechanism to gummed envelope 
to chuck speed of 2200 rpm. Slower chuck flap, returning excess to the plastics tank. Pump is driven by an 
speed gives effective erasing without burning; eccentric on shaft of 1/20-hp universal motor that also drives 
higher motor speed reduces size and weight. feed roll. Self-lubricating bearings are used throughout. Work- 
Housing is flame-resistant acetate; designed ing platform is satin-finish stainless for smoother feeding; gray 
by Harry Preble, Jr. 4. H. Weil & Co., Philadelphia wrinkle on enclosure. Commercial Controls Corporation, Rochester, N. Y. 
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Fully Automatic 
Letter-Writing and 


Addressing Machine 


Relays operated by pushbuttons, en- 
gaged in sequence, select paragraphs 
desired in a letter from a bank of 100 
available selections stored on perfor- 
ated paper rolls. Automatic address- 
ing function types date, name, ad- 
dress and salutation, then proceeds 


with selected paragraphs. Separate 
dial setting types address on envel- 
ope. Operates keys of any standard 
electric or manual typewriter by 
means of pneumatic power at typing 
rates substantially faster than any 
typist can reach. 






American Automatic Typewriter Company, 
Chicago 22 








Precipitron for Home Installation 


Electrostatic air cleaner redesigned for home instal- 
lation has horizontal straight-through air flow with 
capacity of 1200 to 1500 cfm. Power pack is installed 
within the cabinet; draws 60 watts, a 25 per cent 
reduction over former power requirements. Controls 
mounted on front of cabinet; control timer automat- 
ically sequences the washing cycle; access to interior 
through top panel. Cabinet restyled and weight 
reduced. Westinghouse Electric Corp., Sturtevant Div., Boston 36 


MAY 1950 


Eleetronie-Drive Microfilm Reader 


Portable 16-mm microfilm projector has variable- 
speed film drive, both forward and reverse, with 
fingertip control for focus and light intensity. Film 
drive readily manipulates flow of film in vertical, 
horizontal or diagonal progression. Manual control 
permits viewing of microfilmed material in varying 
ranges of reduction from 17 to 37 diameters. Reader 
is supplied with silent castors; is light and readily 


movable. Remington Rand Inc., New York 10 
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PRODUCT 
DESIGNS 


Mechanism Cushioned to Absorb Vibration 


Operating life is increased and machine noise decreased 
in this new electric adding machine by spring-type sus- 
pension for mechanism; prevents transmission of sound 
and vibration to surface on which machine stands. 
Has power-driven correction. Weighs 29 lb; finished in 


two-tone gray wrinkle. 


Remington Rand Inc., New York 10 


4 


Colonial Broach Company, Detroit 


Automatic Handling for Broach Frees Operator 


Three-position selector switch plus “start” pushbuttons 
control the operating cycle for this new broaching ma- 
chine. Selector switch provides: stop at end of stroke, 
ram inch, slide inch. Broach is driven by fluid power at 
1000 psi with all hydraulic units grouped on left side of 
machine for accessibility as shown. Valves may be re- 
moved and replaced without disturbing piping or drain- 
ing the system. Enclosed electrical panel illustrated is felt- 
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sealed and mounted on right side of column, with dual 
controls an either side of loading area. Both “start” but- 
tons must be pushed to initiate cycle; either “stop” 
button will stop machine. Separate controls on right for 
pump and coolant motors. Forced air cooling for motor 
and single-vane hydraulic pump. Multiple filters for 
hydraulic system may be removed without stopping ma- 
chine. Electrical system conforms to JIC Standards. 
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Small Spray Dryer 
fer Laboratory Service 


A complete package unit for re- 
search and pilot-plant service; in- 
corporates blower, air heater and 
filter, drying chamber, cyclone col- 
lector and exhaust fan. Liquid to 
be dried is placed in a pressure tank 
and forced through an atomizer 
into large drying chamber from 
where it is exhausted and collected. 
Double wall vaporizing chamber is 
insulated with glass-wool blanket 
and all surfaces in contact with 
product are stainless; exterior sur- 
faces except instrument panel are 
white enamel. 


Whiting Corporation, Harvey, III. 
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*“Knee-Hole’’ Electric Range 


Designed for small kitchens where storage 
. space is at a premium, space at right of oven 
is left open. Lowest price full-size range 
since the war in this line has four surface 
units, oven heat control and thermostat, and 
convenience outlet mounted on backsplasher 


over clear working area; width is 38 in. 
Westinghouse Electric Corporation, Mansfield, Ohio 
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Electronic 
Blackboard 


Projection _ oscilloscope 
designed for instruction 
and large-audience view- 
ing has a screen 18 x 24 
in; may be used as a pro- 
jection unit for screens 8 
x 10 ft or larger. Fre- 
quency response from 2 
cps to 700-800 ke on X 
and Y axis, 100 ke on Z 
axis. Coated optics give 
tube brightness of 130 
foot-candles with 20 kv 
acceleration. Has __ full 
complement of sweep cir- 
cuits, built-in signal cali- 
brator, 2 megohm input. 
Styled by Louis Kneip 
and Associates. 

Television Equipment 


Corporation, 
New York 7 


CERAMICS as insulators and 


FRANK J. OLIVER 


Editor, ELEcTRICAL MANUFACTURING 


ERAMIC materials are endowed with specific 

characteristics that make each one ideal for cer- 

tain applications. Technical factors have to be 
weighed off with economic factors to arrive at the best 
choice. Few ceramic materials compete with each other. 
Electrical porcelain, for instance, is basically an insulat- 
ing material and is not expected to serve as a dielectric 
in the presence of high frequency power. The steatites 
serve best in the latter category, and what has made 
miniature capacitors possible is the more recent devel- 
opment of titanate ceramics with such extremely high 
dielectric constants as to put them in a class by them- 
selves. In fact the whole trend toward miniaturization 
has raised concommitant problems of heat dissipation 
and high operating temperatures. Ceramics are the 


only choice for such insulator and dielectric compo- 
nents. Born in the kiln, they are the original high- 


temperature materials. 

Properties of ceramics depend on methods of manu- 
facture as much as on composition. In the accompany- 
ing table the principal constituents are listed for the 
various commercial electrical grades. Chemically, wet- 
and dry-process porcelains are much the same, but 
wet-process porcelain is of much higher technical grade 


In the presence of heat, ceramic insulating materials are 
often the only choice. At top, range terminal blocks, both 
glazed and unglazed. Middle, oven light switch base (left) 
and oven element insulator. Bottom, terminal block. All 
components dry-process electrical porcelain. 
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since it is subjected to much more severe electrical 
stresses. (J,2)* In the latter the clays (usually four or 
more), together with finely ground feldspar and flint 
are mixed with sufficient water to form a thick liquid 
suspension known as “slip.” After thorough mixing the 
slip is dewatered in filter presses to about 20-25 per 
cent moisture. This plastic body is further worked in 
an auger machine or pug mill. The resulting putty-like 
mass may be formed in several ways: Spun on a man- 
drel and shaped with a form tool (jiggering) ; hand 
shaped or “thrown” on a pottery table; hot pressed in a 
metal mold with a heated, rotating internal form tool 
to produce a hollow body, or extruded through a die to 
produce a solid or hollow columnar shape. By mixing 
the pugged material with additional water and electro- 
lytes, a slip is formed suitable for casting in plaster of 
Paris molds which slowly absorb the moisture and cause 
a solid layer to form. When the desired wall thickness 
is obtained, the excess slip is poured out of the center. 
Extruded material is air dried to leather hardness and 
turned in a lathe, similar to woodworking practice, 
before firing. 

By further drying a granular material is obtained 


Italic numerals in parenthesis apply to references at end of article. 


Typical ceramic components made of refractory dry-proc- 
ess porcelain, top right, reflector room heater element 
“eone”’; middle left, stove element “brick”; right, middle 
and bottom, rheostat blocks for fractional hp motor con- 
trol; lower left, resistor spool with fine helix molded in. 
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that can be pressed in a steel die. This is the method 
generally used to produce “dry-process” electrical porce- 
lain parts, but the preparation of the “dust”’ is different. 
The ingredients are mixed dry in a muller-type mixer, 
then sent through a high-speed hammer mill to break up 
the particles. In the muller about 15 per cent water is 
added to give the plastic consistency required for press- 
ing. The die cavity is filled level and the male portion 
brought down to a fixed stop. Pressure is applied by 
impact from a hand screw, toggle arrangement or more 
recently by hydraulic pressure, manually controlled. 
Dies are usually made of mild steel and are fabri- 
cated of a bolted box structure so that modifications can 
readily be made to compensate for wear due to the 
abrasive character of the dust. The average first run on 
a steel die might be 90,000 pieces; the die is then re- 
paired and successive runs of 80,000, 70,000 and 60,000 
are made before 
the die is scrapped 
after a total of 
300,000 pieces. 
Where long pro- 
duction runs can 


Ceramics wedded to plastics in fluid 
resistance heater for fast-cycle milk 
pasteurizer. In this Ex-Cell-O three- 
phase cell dry-process porcelain 
header pieces close the ends of the 
phenolic laminate cylinder in which 
the carbon electrodes are supported. 
Porcelain prevents 220-volt power 


from getting into milk feeder lines. 


(See also “‘Saturable Reactors Solve Heat 
Control Problem”, ELectricaL MANUFAC- 


TURING, Feb. 1950, p. 100.) 


Type 
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Dry-pressed low vol- 
tage and wet-process 
high voltage porcelain 
Cordierite refractory 
Zircon porcelain 


Steatite 


Alumina 


Titanates 


be anticipated, tool steel dies are preferred. They cost 
about one-third more, but produce a million or more 
pieces before scrapping. The buyer is charged the cost 
of a mild steel die, but repair costs are borne by the 
molder. Use of tool steel therefore is a matter of choice 
on the part of the latter. Die finish is not too impor- 
tant, especially where the work is subsequently glazed. 

Custom steatite bodies are usually molded dry in the 
same type of die as used for porcelain. Round and 
tubular parts, which are later machined, are extruded. 
Preparation of the material is similar to wet-process 
porcelain prior to forming. Extrusion is carried out 
under a vacuum to de-air the material in order to obtain 
the desired density for dielectric applications. 

Amount of shrinkage encountered in manufacture is 
related to the process. Wet-process bodies shrink as 
much as 20 per cent in firing; dry-process work, about 
12 to 15 per cent depending upon the original moisture 
content. In pressed ware degree of compacting in the 
die also is a factor. For this reason, tolerances vary as 
measured in the direction of pressing and at right angles 
thereto. A tolerance of + 1% per cent is considered 
reasonable in the direction of pressing, or + Y%q in. 





Table I—Chemical Constitutents of Various Classes 
of Ceramic Insulating Materials 


Plasticizing 


Non-plastic 

constituent constituent Flux 
Flint Clay Feldspar 
Si Os AloOz. 2Si¢ Yo. 2H2O KNaQ. AioO3. 6Sif Jo 
Tale Clay Oxides of Al, K, Na, 


3MgO0. 4SiO2. H20 Li, Zn, Be,Ca, Mg. Ba 


Zircon Clay Oxides of Ca, Mg, 

ZrO2.SiOe2 Ba or Sr 

Tale Clay Oxides of Na, K, Li, 
Ba, Ca and Mg 

Flint partly re- Clay Feldspar 

placed by alumina* 

Al.Os 

Titania Oxides of Ba, Ca, Sn 

TiO 


* Some spark plug porcelains are practically entirely alumina 
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Replies from the SPECIFYING ENGINEER 





Are electrical and mechanical properties important to your 
applications, or are they taken for granted? 


Important, 75%; taken for granted, 25%. 

From users of a well established material like dry- 
process electrical porcelain, where one might expect these 
properties to be taken for granted, the percentage of 
“yes’es” were even higher than 75 per cent, whereas for 
steatite buyers, it was lower (70 per cent). 


For such properties, do you rely upon (1) handbook data; 
(2) suppliers’ literature; (3) results of own tests? 


(1) 9% (2) 46% (3) 84% 

Less than 40 per cent of the buyers of dry-process por- 
celain look to suppliers literature for data, whereas 90 per 
cent of steatite users do so. All groups lean heavily on 
results of their own tests. (100% of dry-process buyers.) 


Do you think that suppliers provide sufficient information 
about properties? 


Only one-third of the porcelain buyers say “yes” to this 
one, as compared with 83 per cent of steatite buyers. There 
is no doubt that much more technical data on properties is 
provided by steatite molders. Reason is that dielectric 
properties are much more important at the higher fre- 
quencies encountered in electronic applications. Another 
factor: Armed Services specifications that govern in this 
field involve complex testing procedures and involved 
terminology (see box Page 105). 


How much design help is given by the ceramic supplier? 


Most of the buyers canvassed admitted getting some 
help from suppliers on design problems, particularly when 
technical problems are encountered as in high-voltage insu- 
lation and in electronics. A few of those buying dry- 
process porcelain said they received no help, but this was 
offset by the same number reporting they received much 
help. All agreed that they had to depend to a large extent 
on their designer’s own experience. 


Are your design tolerances generally met? Many rejects 
on this score? Do you work closely with supplier on 
problems of this kind? 


Design tolerances are generally met according to 75 to 
88 per cent of readers replying, with the high figure apply- 
ing to steatite parts. There are few rejects on this score 
and these principally by users of electrical porcelain; 
fewest on steatite parts. All agree they work closely with 
the supplier on problems involving tolerances (see also 
“gripes” below). 





whichever is greater, although half these values can be 
attained at greater cost in scrap. Steatite parts have 
been made to tolerances of + 1 per cent or+ 0.005 in., 
whichever is greater. 

There have been no significant changes in composi- 
tions of standard ceramic materials during the past 
fifty years, but there have been continuous improve- 
ments in quality. There is more precise control of raw 
materials. Air classification of clays for dry process 
work gives better control of particle size. Wetting 
agents give better dispersion of the plasticizers. The 
chemistry of the process of vitrification is better known 
so that vitrification can be arrested at the right point 
for the characteristics sought. Tunnel kilns have 


mechanized the firing operation and instrumentation has 








Specifier and supplier of Ceramic Parts Could Work Closer Together 





Replies from the CERAMIC MOLDER 


For low-voltage, 60-cycle applications, are electrical prop- 
erties of ceramics so well established as to be of no 
concern? 

Yes 90%; No 10%. (Little agreement with the buyers 
here.) 


Do you publish data on properties of ceramic materials? 


Yes 18% No 82% 

(Buyers who clamor for property data apparently depend 
upon data published by a few important suppliers, chiefly 
in the steatite group—Ed.) 


Are facilities available for testing mechanical and electrical 
properties of ceramic materials? 


Facilities for mechanical test are available to 73 per 
cent of those reporting. Those that do not have any say 
that such tests are seldom necessary; they use independent 
laboratory checks when required. Only one-quarter of 
the dry-process molders publish property data. Steatite 
and high-voltage porcelain suppliers all have extensive 
laboratories for dielectric tests and mechanical strength 
investigations, publish excellent data on properties. 


Do you find that design engineers have a knowledge of 
ceramic materials that is good, fair or poor? 


Good 7% Fair 67% Poor 26% 


Do design engineers have a sound conception of ceramic 
molding problems and consider them in component design 
and material selection? 


Most molders concurred that the buyers’ knowledge of 
ceramic molding problems was “limited” and that they 
seldom considered such problems in component design. 
One-third of those replying gave the designer a zero on 
this score. Generally engineers connected with larger 
companies do have some knowledge of ceramic materials, 
it was conceded. Smaller, inexperienced companies (buyers) 
have to be educated. 


What has the supplier to say about tolerances? 


“The tolerances we are given to work to are often of 
machine shop quality and very costly when applied to 
ceramic manufacturing. We find upon inquiry that a plus 
0.002 minus 0.000 in. can often be raised to commercial 
limits (0.015 in.) without affecting function and at a 
considerable cost-saving.” 


given more precise control in vitrifying ceramic bodies. 

Most of the advanced development work during and 
since the war has been in the technical grades, partic- 
ularly for electronic applications. The Armed Services 
—Signal Corps, Air Force, Navy—are now underwrit- 
ing considerable research in ceramics at universities and 
industrial laboratories. The National Bureau of Stand- 
ards is also active, particularly in the investigation of 
titanates. 


Specifications 


The only specification currently in use is the Joint 
Army-Navy Specification, JAN-I-10 on “Insulating 
Materials, Ceramic Radio, Class L,” (amended to Oct. 
14, 1949), which is technically identical with the Amer- 


ELECTRICAL MANUFACTURING 


Pr 


37 


ers 


nd 
fly 


er 
ay 
nt 
of 


ve 


of 


~~ — FS YY 








Answers to questions posed to selected list of design-engineer readers are stacked up against responses 
to parallel questions directed to custom ceramic molders along commercial and technical lines 


Replies from the SPECIFYING ENGINEER 


Do you find any improvement in electrical porcelain in 
recent years? 


Yes 56% No 44% 
One comment: Superior to wartime porcelain, but not 
superior to prewar porcelain. 


To what extent have you replaced dry-process porcelain 
with: Zircon porcelain? Cordierite? Steatite? Plastics? 


Zircon, cordierite and statite, practically none. Each 
has its own particular use. About 20 per cent of those re- 
porting indicated a switch to phenolics of from 5 to 95 
per cent; about half that number, to thermoplastics. The 
reasons were primarily technical and economic factors, 
practically none for appearance. 


How important are die costs in the selection of material? 


Determining factor, 23%; of little concern, 30%; no re- 
sponse, 47%. It depends upon volume requirements of 
the piece. 


In what ways does electrical porcelain fail to meet present- 
day requirements? 


Brittle. Not enough impact strength. Not accurate 
enough dimensionally. Too costly due to freight rates. 
Breakage in shipping. Too costly for the required toler- 
ances. Dimensional stability is greatest problem. Inability 
to control tolerances and the necessity for large tolerances. 
Die costs. Lack of chemical and mechanical uniformity. 
Cannot meet physical specifications. Heat shock resistance 
could be improved. Molders do not utilize long production 
tools like tungsten carbide faced dies that could maintain 
accuracy over large quantity runs at prices competitive to 
phenolics. 

Favorable comments: Seems to meet our case. Has 
always been good enough for our use. They have a 
definite field and if properly chosen meet requirements. 


Do you actively investigate newer formulations and mate- 
rials? 


Two-thirds of the users of dry-process porcelain say 
they actively investigate new formulations and materials, 
whereas only one-third of steatite users are looking for 
better performance. Those that don’t investigate newer 
materials report they have neither the time nor the 
equipment to carry on such (experimental) investigations 
or that they look to the supplier to keep them informed. 
Others are satisfied that present materials are doing a good 
job, or their requirements are not too exacting. 


ican War Standard C75.1-1943, now withdrawn by the 
ASA. Grade L materials are classified by loss factor 
not to exceed the following values at 1 me, after 
immersion : 


Grade L-l L2 L3 4 LS L6 
Loss Factor 0.150 0.070 0.035 0.016 0.008 0.004 


Wet- and dry-process porcelain and zircon porcelain 
fall within Grades L-1 and L-2, alumina in L-1 for 
dense bodies and L-4 for porous bodies. Steatites fall 
within Grades L-3 to L-5 and most suppliers classify 
them as such. Cordierite is a Grade L-3 material. The 
dielectric constant should not exceed 12 for any grade. 
This restriction eliminates the titanates. 

JAN-I-10 covers detailed test procedures for deter- 
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Replies from the CERAMIC MOLDER 





Do designers provide the molder with finalized specifica- 
tions and expect him to conform? 


Half the molders replied in the affirmative; the other 
half indicated they were given the opportunity to work 
with the designer from the start of the development project. 
Representative of the attitude of the first group is this 
comment: 

“Our complaint—probably a well-voiced one—is lack of 
consultation or inquiry about parts design before the final 
prints are set up. The designs are usually more com- 
plicated than need be and in many cases we could improve 
upon them both from a functional as well as from a cost 
standpoint. We frequently have several stock parts very 
close to the customer’s proposed dimensions. From the 
experience gained in making the stock items we could be 
of great help in improving the new ones if consulted.” 

Another reply: “We encourage the customer to send a 
sketch of the piece before making final drawings. Often 
we are able to make suggestions that simplify the molding 
of the part and thereby save on costs.” 


Is engineering service provided to buyers in the design of 
custom parts? 


Most vendors provide this service through field salesmen 
or service engineers. They prefer to work with customers 
on any problems involving associated fabrication, like 
riveting and soldering where mechanical or heat shock 
are likely to cause excessive breakage if the part is not 
designed and handled properly. 


Do you encourage the investigation and possible use of 
new ceramic materials in place of established materials? 


Over 90 per cent of the suppliers report they do. A 
practical limitation: Varied bodies (compositions) call for 
varied firing control, which is not always practical in the 
same kiln. 

Nevertheless it is true that few molders stick to dry- 
process electrical porcelain. Several are now getting into 
zircon porcelain production. Out of 26 ceramic manu- 
facturers replying to the questionnaire, two-thirds of the 
20 who mold dry-process electrical grade also make re- 
fractory grades. Seven mold cordierite and seven, wet- 
process high-voltage grades. Seven make steatite. Of five 
additional suppliers who make steatite but not dry-process 
electrical porcelain, three mold cordierite bodies and three 
rutile or titania bodies. Three of the dry-process porcelain 
group also make titanates. One company specializes in 
aluminum oxide for high-voltage applications like igniter 


plugs. 





mining loss factor and dielectric constant, also tests for 
thermal shock, flexural strength and porosity. The last 
calls for immersion in a dye solution under a pressure 
of 4000 psi. The corresponding commercial test is per- 
formed under atmospheric pressure. Flexural strength 
is set at 3000 psi minimum. Most bodies have two to 
three times this strength and some like zircon porcelain 
go over 20,000 psi. Dielectric constants range from 5 
to 6 until the titanates are encountered. 

Dry-process electrical porcelain has well known char- 
acteristics that assure this material a permanent place as 
an insulating material. At room temperature its volume 
resistivity is astronomical and although this resistivity 
falls off rapidly at higher temperatures it still has a 
resistance of over 5000 ohms per cm cube at 700 C. 
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Electrical porcelain is strong, particularly in compres- 
sion. It is dimensionally stable and chemically inert and 
hence not susceptible to climatic conditions. It resists 
corrosion better than any material with which it may 
come in contact, such as metal conductor parts. Its 
dielectric strength of 40-150 volts per mil makes it ade- 
quate for all low-voltage applications. With inorganic 
material, no carbon tracks are left as a result of arcing. 

Custom dry-pressed porcelain components are used 
in such electrical products as bells, buzzers and horns, 
fuse blocks, bushings, circuit breakers, switches, meter 
bases, control equipment, cutouts, fans and blowers, 
farm lighting plants, fluorescent lamps, furnaces and 
kilns, fuse bodies, heating appliances, flat irons, hot 
plates and table stoves, oil burners, sterilizers, toasters, 
thermostats, warmers, water heaters, welding equipment 
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RIOR to changing over to a ce- 
ramic for the base of a tuned-cir- 


cuit assembly for automobile and home 






radio and television sets, a number of 


different types of plastics bodies were 





Primary field of application of dry process electrical 
porcelain is in electrical apparatus. From top to bot- 
tom, components shown here include fusible disconnect 
and magnetic switch base, domed series cutout cap, 
junction box terminal block, switch plate, double trans- 
former bushing, cartridge fuse block, and neutral base. 






tried, including polystyrene which has 
an extremely low power factor. An in- 
tegral part of this assembly is a mul- 
tiple unit capacitor using a_ silvered 
mica disk, spring loaded to the base by 






and wiring devices, including the familiar knobs, tubes 
and cleats. 





High-voltage porcelain has many uses as a component 
in electrical apparatus as well as for high-voltage trans- 
mission lines; for example, as lead-in bushings for 
transformers, capacitors, circuit breakers, primary cut- 
outs, switchgear parts and insulating components of 
other protective apparatus. 

What users think about dry process porcelain and 
other related ceramic materials are summarized in an- 
swers to a questionnaire spot checked among a selected 
group of design-engineer readers of ELEcTRICAL MANv- 
FACTURING. Stacked up against these reactions are re- 
sponses to parallel questions received from 25 custom 
ceramic molders, predominately in the electrical porce- 
lain field but including also molders of other technical 
grades. The most startling fact brought out is that 
whereas the bulk of the suppliers take properties for 
granted and do not publish such data, the engineer- 
buyer is much concerned with properties and therefore 
has to rely on his own tests to supply this information. 

Molders, on the other hand, would like to work much 
more closely with buyers in the design of custom parts 
while they are still in the embryo stage. They report 
that the average designer is not too familiar with the 
molder’s problems. They are plagued with complicated 
shapes with widely varying sections. Liberal tolerances 

are a source of complaint among buyers, but the rejects 
on this score appear minor. Fragility is the greatest 
deterrent to wider use and probably accounts for some 
of the inroads plastics are making in this market. But 
no plastic will serve where operating temperatures are 


means of contact fingers. The original 
design utilized a phenolic base which 
functioned satisfactorily on original tests 
but which exhibited undesirable low Qs 
in field operation. All plastic bodies ex- 
hibited the same objectionable surface 
moisture phenomenon which was aggra- 
vated by the operating frequencies and 
made the component very susceptible 
to changes in atmospheric conditions. 
When the material was changed from 
a phenolic to grade L-4 steatite a sig- 
nificant improvement in Q was ob- 
served in the laboratory, and main- 
tained in the field. Steatite was found 
to be stable under a wide range of at- 
mospheric conditions. Another advan- 
tage is the absence of cold flow, so 
prevalent in plastic bodies. This greatly 
facilitates maintenance of good electri- 
cal contact between the contact springs 
and the silvered mica condenser plate. 
Steatite part molded by D. M. Steward 
Mfg. Co. for Radio Industries, Inc. 
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DEFINITIONS 


Dielectric Loss Angle of a dielectric material is the dif- 
ference between 90 deg and the dielectric phase angle. 

Dielectric Phase Angle is the angular difference in phase 
between the sinusoidal alternating potential difference ap- 
plied to a dielectric and the component of the resulting al- 
ternating current having the same period as the potential 
difference. 

Dielectric Power Factor is taken as the cosine of the di- 
electric phase angle or the sine of the dielectric loss angle. 
It is the percentage rating obtained by dividing the equiva- 
lent resistance of the capacitor by its impedance at the 
operating frequency. 

Dielectric Loss Factor of a material is the product of its 
dielectric constant and the tangent of its dielectric Joss 
angle. (For low-loss materials the tangent is considered 
equal to the power factor.) 


Dissipation Factor is the cotangent of the dielectric phase 
angle 
|, == charging current 
],, =loss current 


/ = frequency, cps 
5 loss angle 
@— phase angle 


o 
E 
EZ ce 
IR 
Phase diagram and equivalent circuit diagram of dielec- 
tric materials. 





high. One of the biggest outlets for electrical porcelain 
and cordierite today is for electric range parts such as 
the group pictured. Cordierite is used for electric fur- 
nace parts, rheostat rings, and bases and resistor tubes. 

Resistance to thermal shock is a determining factor 
in many applications. In 1894 Winkelmann and Schott 
developed an empirical equation for evaluating thermal 
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endurance of glass that applies in the main to ceramics: 
T Fone 


Thermal endurance — ——— 


E« \V sc 


Where T = ultimate tensile strength 
E = modulus of elasticity 
o = coefficient of linear expansion 
k = coefficient of thermal conductivity 
$s = specific gravity 
c = specific heat. 


Other factors that influence thermal endurance are 
the ratio of crystalline to glassy components in the fired 
body, the pore volume, physical dimensions of the part 
and manufacturing methods. (3) 

Because cordierite materials have an extremely low 
thermal expansion coefficient, they have excellent resist- 
ance to thermal shock and withstand temperatures over 
2200 F safely. Hence cordierite is widely used for 
heater bodies and other range parts. An addition of 
zirconia to talc and clay bodies increases their heat con- 
ductivity, decreases their thermal expansion and hence 
improves resistance to heat shock, but the thermal en- 
durance is not as great as for cordierite. At low fre- 
quencies zircon porcelains have a somewhat higher 
dielectric constant and a greater power factor than 
some other ceramic materials. At the higher frequencies 
the power factor drops and the resulting loss factor be- 
comes extremely low, making this material best suited 
for high frequency applications. Zircon porcelain raw 
materials are quite abrasive, causing short molding die 
life and hence higher costs. 

Dense cordierite is a material that has received much 
attention in recent years, in contrast with porous types 
used for heater bodies.(4) The Signal Corps has been 
interested, for instance, in obtaining a ceramic body for 
use as resistor cores and coil forms capable of with- 
standing severe thermal shock. Research work (5) 
indicates that a cordierite body can be developed that 
combines the features of good thermal shock resistance, 

(Continued on page 198) 


CASE 


IGH-VOLTAGE, high capacity 
H tubular ceramic capacitors for 
oscillator and amplifier circuits. Com- 
ponent at left is made of a zircon 
titanate, has a capacity of 500 mfd, 
operating voltage 10,000, and will pass 
60 kva at 200 ke with 40 C tempera- 
ture rise without forced ventilation. 
Ceramic has a dielectric constant of 32, 
power factor of less than 0.00025 and a 
negative capacitance temperature char- 
acteristic of 100 parts per million per 
deg C. Larger piece at right has a ca- 
pacity of 5000 mfd and a working volt- 
age of 10,000 at 400 ke, passing 400 kva 
with 40 C rise without forced ventila- 
tion. Material is titanium dioxide with 
a dielectric constant of 88, power fac- 
tor of less than 0.0003 at 1 mec, and a 


HISTORY 





negative temperature characteristic of 
750 parts per 106 per deg C. High-K 
ceramics give considerable saving in 
space and weight. Molded by General 
Ceramics and Steatite Corp. 
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The highly prized ELECTRICAL MANUFACTURING CER- 
TIFICATE OF AWARD IN PRODUCT DESIGN and a cash 
purse of $500 will be presented to each winning contestant. 
Award certificates will be presented also to five companies 
designated for “‘Honorable Mention.” 


These five men, rep- 


NGINEERS, designers, executives—men who 
have been in on the ground floor of important 
new product developments—are accepting the 

challenge of the 12th ANNUAL ELEctTRIcAL MANUFAc- 
TURING Propuct DEsIGN AWARDS COMPETITION!  \ 

These men—proud of their technical accomplishments 
—want to be ‘“‘on record” with the story of how their 
new product was conceived and developed. They see 
an opportunity to win merited attention for their prod- 
uct, honor and prestige for their company, and more 
than a nod of recognition for the labor, thought and in- 
genuity which was put into a successful design project. 

Entries already registered cover a wide range of new 
and redesigned products. They include household ap- 
pliances, business machines, production tools and ma- 
chinery, instruments, electro-medical apparatus, com- 
munication and television equipment, etc. Each mail 
brings additional entries, indicating that this year’s 
Competition could register a new high in the number 
of participants and in the different types of products. 

The judges will have no easy task in deciding which 
stories reflect the greatest advancements in design and 
engineering development. Size of the product and scope 
of its application will have no bearing on the ultimate 
selection of the winners. Each entry will be carefully 
appraised and judged on the merits of the overall de- 
sign accomplishment and the ingenuity displayed. 


resenting more than 
a hundred years of 
practical experience 
in product develop- 
ment will carefully 
weigh the merits of 
each design achieve- 
ment as related in 
the stories entered 
in the Competition. 


EDWARD W. BUTLER 


Director, Radio Division, Federal 
Telephone and Radio Corporation. 
For some twenty-five years, Mr. 
Butler has been importantly iden- 
tified with the radio industry in 
ineering, manufacturing and 
sales capacities. For more than ten 
ars was associated with RCA 
Victor Division, Radio Corpofa- 
tion of America, as Manager of 
Radio, Television and Phonograph 
t., and as Manager of Com- 
mercial Research Dept. Later 
served P, R. Mallory & Co. as 
Manager of Marketing and Recti- 
fier Divisions, and more recently 
was General Manager of Elec- 
tronics Division, Sylvania Elec- 
tric Products, Inc. 


MYRON 5S. CURTIS 


Director of Engineering, The 
Warner & Swasey Co. and mem- 
ber of the Board of Directors. 
Before joining company in 1940, 
Mr. Curtis was associated with 
Potter & Johnston Company and 
over a period of thirty years be- 
came successively, chief engineer, 
works manager, vice president and 
director. In 1939, Mr. Curtis 
headed a joint project of the Na- 
tional Machine Tool Builders’ 
Association and the Army Ord- 
nance Department in development 
of shell turning lathes. Member 
of Cleveland Engineering Society 
and American Society of Mechani- 
cal Engineers. 


HERBERT C. ROTERS 


Adjunct Professor of Electrical 
Engineering of the Graduate 
School, Stevens Institute of Tech- 
nology. A licensed professional 
engineer in New York and New 
Jersey, Mr. Roters is consulting 
engineer for Fairchild Camera & 
Instrument Corp., General Time 
Instruments Corp., and _ several 
other companies. Author of text- 
book, ‘‘Electromagnetic Devices,"” 
published 1941 by John Wiley & 
Sons. Was winner of 1947 award 
by American Institute of Electrical 
Engineers for Best Paper in Theory 
& Research, for paper dealing 
with advances in hysteresis motors. 
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AWARDS COMPETITION 





Have you filed an entry for your company? You still 
have ample time to set down on paper the story of your 
latest product development—to dig out the photos, 
drawings and prints that point up the significant de- 
tails of your design achievement. Get the whole staff 
to pitch in. It will prove to be a stimulating assignment. 

Remember that there are FIVE big opportunities to 
win a $500 cash award; TEN opportunities to earn for 
your company the prized ELEcTRICAL MANUFACTURING 
CERTIFICATE OF AWARD; and all the glory and prestige 
that goes with this design accolade. Your story, if one 
of the five cash Award Winners, will be featured in the 
OcroBeR Propuct DestcGN AWARDS NUMBER OF ELECc- 
TRICAL MANUFACTURING—a permanent journalistic 
record of your contribution to design progress. And 
even if your story doesn’t quite make the top bracket 
it may still be qualified for later publication. 





COMPETITION CLOSES JUNE 30th. To be 
eligible for an award, all manuscripts should be sent 
to the Awards Competition Editor, postmarked no later 
than midnight June 30th. Register your entry NOW— 
on the Official Entry Form. 

Helpful pointers on manuscript preparation will be 
mailed promptly. This guidance material suggests 
step-by-step procedures to simplify the task of writing 
that award-winning design story! 


JOHN VASSOS FRANK J. OLIVER 












A- pioneer in the field of indus- 
trial design and founder-president 
of the American Designers Insti- 
tute. For the past sixteen years, 
Mr. Vassos has served as con- 
sultant designer for the Radio 
Corporation of America and has 
guided the appearance and func- 
tional design of various RCA 
products including the electron 
microscope. Listed by Fortune 
Magazine as one of country’s top 
ten designers, Mr. Vassos has 
achieved notable success in the 
Structural field as well as in the 
design of numerous industrial and 
consumer products involving plas- 
tics, glass and metals. 
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Editor of ELECTRICAL MANU- 
FACTURING and staff member 
ot Jury of Award. A graduate en- 
gineer of Stevens Institute of 
Technology. Prior to his entrance 
into publishing, Mr. Oliver was 
associated with several manufac- 
turing organizations where he ac- 
quired practical experience in de- 
sign, application, research and 
testing. Has written extensively 
on subjects relating to design and 
engineering, machine and appli- 
ance manutacture, metallurgy, 
welding, etc. Member of Amer- 
ican Society of Mechanical Engi- 
neers and associate member of 
American Institute of Electrical 
Engineers. 
















ELIGIBILITY 


Any manufacturer of a new or redesigned machine, appliance, 
apparatus or device, which is electrically operated, may enter. 
The product should be one that will have reached the produc- 
tion stage within the period July 1, 1949-June 30, 1950. 


WHAT TO DO 


Prepare a manuscript which will relate the complete story of 
the engineering and design development of an electrically oper- 
ated product. The manuscript, typewritten and in duplicate, 
should be not less than 2500 words and not more than 4500 
words. Manufacturers may enter more than one product, sub- 
mitting a separate manuscript for each product which they 
may have designed or redesigned within the eligible period. 

The manuscript should state the reasons why the new 
design was undertaken; the steps taken in developing the en- 
gineering and the appearance design features; the solutions 
found for problems involving the application of power, con- 
trols, light, heat, electronic or other electrical functions. 
Design decisions which were influenced by production methods 
or manufacturing cost reduction should also be discussed. 

Avoiding mention of trade or brand names, tell what 
determined the choice of particular types of metals, materials, 
electrical and mechanical parts, also finishes. Confidential data 
need not be divulged. 

Each manuscript should be original, hitherto unpublished, 
and all material submitted becomes the exclusive property of 
the publishers. 


ILLUSTRATIONS 


That the Jury of Award may more effectively visualize and 
properly evaluate the extent of the engineering and design 
accomplishment as set forth in the manuscript, a minimum of 
six illustrations is required. Illustrative material should be 
furnished in duplicate and should include at least one exterior 
view of the product, also photographs, drawings or prints 
showing circuit diagrams, section details, sub-assemblies or 
component applications. Photographs must be glossy prints; 
diagrams may be in the form of an original tracing and one 
print of the original. Each picture or drawing must bear com- 
pany name and carry a description of what it is intended to 
show. Illustrations in the form of proofs from printed sheets 
are unacceptable. 


AWARDS 


Five Awards, each of $500 in cash, will be presented to those 
companies which, in the opinion of the Jury of Award, have 
submitted the most interesting and informative manuscripts 
that depict the greatest accomplishments in product develop- 
ment, engineering and design. A framed ELECTRICAL 
MANUFACTURING CERTIFICATE OF AWARD will accom- 
pany all cash Awards. 

The five Award winning manuscripts will be published in 
the 12th ANNUAL OCTOBER PRODUCT DESIGN AWARDS 
NUMBER OF ELECTRICAL MANUFACTURING, 

There will be five ‘“‘Honorable Mentions,” and to each of 
these an ELECTRICAL MANUFACTURING CERTIFICATE 
OF AWARD will be presented. All product stories winning an 
Honorable Mention Award will be paid for, upon publication, 
at regular author rates. Author rates will be paid also for all 
non Award winning manuscripts that may be published sub- 
sequent to October, The decision of the Jury of Award, which 
will be made up of representative engineers and designers, 
will be final. In case of a tie, duplicate Awards, will be made. 


CLOSES JUNE 30, 1950 


All material to be eligible in the Competition must be deliv- 
ered to the Awards Competition Editor, ELECTRICAL MANU- 
FACTURING, 1250 Sixth Avenue, New York 20, N. Y., by 
5 p.m., Friday, June 30, 1950. If sent through the mail, the 
wrapper should bear a postmark not later than midnight of 
the deadline date. 














New single-phase motors 
In integral-horsepower ratings—Il 


Continuing the review begun in April, operat- 
ing characteristics are presented on both 
capacitor and repulsion types. For the guid- 
ance of designers of motor driven products. 


PERATING characteristics of the various types 
of single-phase motors are the usual bases for 
selecting the right motor for a particular appli- 
cation. Starting characteristics of the two basic types 
-—repulsion-start and capacitator-start, induction-run— 
motors are compared in a general way in Fig. 13. The 
differences are quite marked. The repulsion motor has 
the highest locked-rotor torque of any motor, but 


ie 


torque rapidly drops off as the speed increases. With 
the capacitator type, torque increases up to a point 
much as is the case with a regular polyphase squirrel- 
cage induction motor. Hence the acceleration of a re- 
pulsion motor is more sluggish. The transfer speeds 
also differ. With the capacitator motor, the starting 
torque is always higher than the running torque, where- 
as the reverse is true of a repulsion-start motor. In 
the case of the capacitator motor the result is a mini- 
mizing of the current immediately after transfer. 
There is also less likelihood of motor pullout due to volt- 
age drop. For further comparison, a family of speed 
torque curves is shown in white for a single squirrel- 
cage polyphase induction motor with different rotor 
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Table VI — Maximum Locked-Rotor | Table VII—NEMA Standard Breakdown Torque Ratings 
Amperes for Design M Single-Phase, for Single-Phase Induction Motors 
60-cycle Motors ? anaes sit ; 
Standard frequencies, cycles 
ve ae oe 50 60 50-25 60 





Polyphase 
Designs . Standard synchronous speeds, rpm 
230 volts B,CandD : 3000 1800 1500 


Design M motors 
at any speed 
115 volts 


1200 
Breakdown torque, lb-ft 
5.16- 6.8 6.19 8.: 
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(NEMA MG}1-4.9) 
The locked-rotor current of single-phase 60-cycle 
Design L motors erceeds that for Design M motors. 


resistances. These curves would indicate that either 
of the general types of single-phase motors are supe- 
rior for starting equipment under load, like compres- 
sors. 

It follows that single-phase starting currents are 
necessarily higher than for corresponding polyphase 
horsepower ratings. Table VI shows the maximum 
allowable locked-rotor current for single-phase motors 
built in conformance with NEMA design M standards. 
Repusion-type motors meet these requirements as do 
most of the two-value capacitator motors. A number of 
the capacitator-start induction-run motors will exceed 
these values and are therefore classified as design L. 
For comparison with these single-phase figures, the 
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13.0-19.0 15. 
19.0-30.0 22. 
30.0-45.0 36. 
45.0-60.0 54. 
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(NEMA MG\1-2.7) 


* Standard ratings for which no standard torque values have been established; also for 900 
and 750 rpm. 

The breakdown torque of a single-phase general-purpose induction motor shall be the higher 
figure in each torque range shown in table above and subject to the tolerances in manufacturing 
and all other conditions. 


locked current of the designs B, C and D polyphase 
motors are given in the same table. 

Table VII shows the maximum breakdown torque 
values that must be guaranteed before a manufacturer 
can represent his motor as meeting NEMA standards. 
These values were originally set up as a range so the 
buyer could know when he ordered a given rating 
from any manufacturer that he would get a motor 
within a given range. Conformance to these standards 
would therefore assure the motor manufacturer that he 
would not have to indulge in a “rat race” of giving 
more horsepower than a competitor in order to secure 
the business. 

Some groups of machinery manufacturers became 
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Fig. 17 (Left)—Speed-torque and speed-current curves of capacitor-start induction-run motor (in white) compared 
with capacitor-start capacitor-run motor (in black). Fig. 18 (Right)—Typical performance curves of a capacitor-start 
induction-run motor (in white) compared with performance of a capacitor-start capacitor-run motor (in black). 






notorious for using motors of lower rating than re- present are designed to be 5 to 10 per cent above this 
quired by the equipment and then getting the motor figure to allow for production variations and _ still 
manufacturers to put more strength in their motors meet the guarantees. 

than shown on the nameplate. Even though the range For estimating purposes, it may be assumed that the 
has been abandoned, motors made to NEMA stand- full-load torque of a 1-hp 4-pole (1800 rpm) motor is 
ards are guaranteed only to be as strong as shown 3 lb-ft. A 5-hp motor will have 15 lb-ft full load 
by the upper figure of the range. Most motors at torque. In the latter case, a guarantee of 30 lb-ft will 










Table ViII—Operating Characteristics of Single-Phase Repulsion Type Motorst 


| l 
Speed, rpm | | Efficiency Power factor *Current in amperes! Torque in lb-ft 
| | | ee | | | 








































Max. 
Full Full | % % | Full | % 4 | Full |Locked| Code | Full |Locked| Pull | run- 
Frame} Hp | Sync. | loaa | Volts | load | load | load | load | load | load | load | rotor | letter | load | rotor | up | ning 
i | | ! 
‘ Repulsion-start induction-run motor 
203 | 1 | 1800 | 1750 |115/230] 74 | 72 | 64 | 69 | 60 | 49 | 64] 25 | G | 3.0] 10 | 7 8 
7 204 1200 | 1160 72 69 61 57 49 39 7.9} 25 | G 4.53} 16 8 10 
, 
204 | 14} 1800 | 1750 77 75 68 69 60 49 9.2) 35 | F 4.5 | 16 9 11 
225 1200 | 1160 75 72 65 55 47 37 | 11.9; 35 | F 6.8 | 24 13 16 
224 | 2 | 1800 | 1750 79 77 70 69 60 49 | 11.9| 43 E 6.0; 21 12 14 
254 1200 | 1160 78 76 69 59 51 40 | 14.2| 43 E 9.1] 32 18 21 
225 | 3 | 1800 | 1750 79 77 70 69 61 50 | 17.8| 57 D 9.0} 31 17 22 
sad 1200 | 1160 78 76 69 68 60 48 18.4 | 57 | D 13.6 | 47 20 29 
254} 5 | 1800 | 1750 81 79 75 70 62 51 | 28.7] 96 D | 15.0} 52 30 38 
- 1200 | 1160 80 7% | 74 | 71 66 54 | 28.7] 96 D | 22.7) 80 34 48 
we 714| 1800 1750 80 79 75 | 89 81 70 | 34.4 | 120 C 22.5 | 79 38 50 
sens 1200 | 1160 84 84 81 76 70 59 =| 38.2 | 120 Cc 34.0 | 120 52 75 
** | 10 | 1800 | 1750 84 84 82 86 82 78 | 45 158 Cc 30.0 | 105 48 65 
" 1200 | 1160 85 85 82 | 78 70 59 =| 50 158 Cc 45.3 | 160 70 95 
** | 15 | 1800 | 1750 84 85 83 86 82 78 | 67 220 B 45.0 | 160 70 | 100 











Repulsion induction motor 
203 1 1800 | 1750 115/230, 73 71 63 86 81 63 5.2) 24 


204 | 1%! 1800 | 1750 75 72 64 85 80 61 7.7 | 35 
224; 2 | 1800 1750 75 72 64 85 79 59 | 10.1; 43 
225; 3 | 1800 | i750 77 75 67 87 81 60 | 14.5] 58 
254 5 | 1800 








4.5 | 13.5 
6 18 
9 27 
1750 80 79 74 88 82 62 | 23 96 D 15 45 





vont 






































tOpen type, horizontal, 60 cycle, constant speed. * These values are for 230 volts. ** The manufacturer shows these in non-NEMA frames. 
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Table [IX—Operating Characteristics of Single-Phase Capacitor-Type Motors} 











| 
| Speed, rpm | | Efficiency Power factor *Current in amperes Torque in Ib-ft 
| Max. 
Full | Full 34 % | Full | % % | Full |Locked| Code | Full |Locked} Pull | run- 
Frame} Hp | Sync.}| load | Volts | load | load load load | load | load | load | rotor | letter | load | rotor | up | ning 








































2251 3 1180011710! ~~ | 78 | 77 | 75 | 95 
t+ Open type, horizontal, 60-cycle constant speed. 





) 
| 














| 
Speed, rpms| | Ef. | P.F. *Current in Amp. Torque in lb-ft 
Full load | | Locked | Code |Full load| Locked | Maximum 
Frame Hp Syne. |(approx.)} Volts |Full load|Full load| rotor letter |(approx.)| rotor running 

203 1 1800 1772 | 115/230 73.5 82.3 5.37 23 F 2.96 9.0 9.0 
204 1% 1800 775 | 73.7 76.0 8.7 35 F 4.43 13.7 13.7 
224 1% 1800 1780 74.3 83.5 7.83 | 34 F 4.42 12.5 12.5 
224 2 1800 1772 | 76.5 84.3 10.1 45 F 5.93 18.4 20.6 
225 3 1800 1760 | 79.1 | 87.5 oe D 9.0 24.6 24.6 
254 5 1800 1762 | 80.0 | 90.6 22.4 | 90 D 14.9 37.2 43 








“se hese values are for 230 volts. 





therefore be a guarantee of 200 per cent full load. 
The breakdown torque of a NEMA design C poly- 
phase motor of 5-hp rating is 200 per cent of full-load 
torque; of the design B is 225 per cent, while the 
design A is given as “in excess of values given for 
design B.” 

So far the discussion has been in general terms. 
Actual operating characteristics vary with each motor 
type and are best revealed by speed-torque curves 
which picture both starting and running conditions. 
Fig. 14 shows such a curve for the brush-shifting 
type of variable-speed repulsion motor, with the 
brushes in different positions. This motor has no em- 
bedded squirrel-cage and no short circuiter. The 
speed-torque characteristics are similar to those of a 
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a 4] 900 | 865 |115/230] 60 55 | 47 ]49 | 41 33 5.5]22.5] M |3.04] 5.5] 5.6] 6 
204 | 34/1200 | 1165 | | 70 | 67 | 62 |58 | 49 | 39 | 6 |305] L | 3.38] 63] 6.6| 6.9 | 
225 900 | 865 | | 64 | 62 | 56 | 56 48 | 38 | 68/305] L | 4.55] 7.5] 7.1] 7.5 
203 | 1 | 1800 | 1720 | @ | 2 | 70 | 72 62 | 49 | 6.17| 35 K | 3.05] 5.7| 6.4] 6.8 
224 1200 | 1140 | 67 | 67 | 64 | 69 S:.+ iT is K |4.59| 8.7] 7.7] 8.1 
| 
203 | 114] 3600 | 3425 1 73 | 73 | 72 | 7.5] 7 64 | 8.4| 40 G |2.3 | 4.2] 4.0] 4.2 
204 1800 | 1720 | | Bi Bi aia 7 60 | 8.4 | 40 G | 4.59] 8.5] 81] 8.5 | 
225 1200 | 1140 | | 71 | 69 | 63 | 68 62 | 50 | 10.1 | 42 H |6.9 |11 | 11.5] 12 | 
204 | 2 | 3600 | 3425 | 76 | 75 | 2/8 | 77 | 6 |10.2|/55 | H | 3.07| 6.2] 5.3| 5.6 
224 1800 | 1720 | | 76 | 75 | 73 | 75 70 | 60 | 11.5 | 55 H |6.1 |10.5|11 | 11.5 
224 | 3 | 3600 | 3425 | 76 | 76 | 73 |77.5| 70 | 58 | 16.5 | 80 G |46 | 85] 81] 8.5 
wel 1800 | 1715 | 76 | 7 74 (| 76 72 | 58 | 16.8 | 80 G |9.2 |15 |16 | 17 
2051 5 | 3600 | 3500 | 230 | 82 | 82 | 79 190 | 39 | 8 | 22 #(|18 | G 17.5 113 112.61 13.5 
Two-value capacitor mnatencnlileh starting torque 
203 | 1 | 1800 1715 |115/230) 73 72 68 | 74 | 67 54 | 6 33.5) J |3.06/10 | 65] 7.4 
204 | 114) 1800 | 1710 | 75 | 73 | 68 | 95 | 92 | 88 | 6.83| 38.5] G | 4.6 | 14 9.5 | 10.5 
224] 2 | 1800/1715 | 230 | 78 | 77 | 75 | 98 | 98 | 96 |8.5 | 50 G | 6.12] 18.5 | 12.5 | 13.5 


95 | 93 |13.2 | 70 P 9. 


* These values are for 230 volts. 


Table X—Operating Characteristics of Single-Phase Repulsion-Induction Motors 






















LY) 


26 18.1 | 20 











series d-c motor with armature-resistance control, but 
without the inherent /?R loss of the resistor. For a 
given brush setting, speed will decrease with an in- 
crease in torque. Speed control against constant torque 
is obtained by moving the brushes around the commu- 
tator. 

With the brushes in the maximum-speed position, 
at least 300 per cent of normal full-load torque is avail- 
able at start. Some ratings may have about 450 per 
cent torque. With the brushes on any of the low speed 
positions, a decrease in starting torque and a cor- 
responding decrease in starting current are obtained. 

Motors thrown directly on the line are ordinarily 
fused for 200 per cent of full-load current except for 

(Continued on page 194) 
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Relay Circuit IDEAS 


faken [rom 


Many a relay “kink’’ found in the tele- 


phone engineer’s dope book will solve 


an industrial control problem too. 


L. F. CRABTREE 


Staff Engineer, Product Design Section 
Automatic Electric Company 


HEN an electrical circuit designer is familiar 

with the components he is to use circuitwise, 

and has a knowledge of the various basic 
circuit short cuts, he can readily build these basic units 
into almost any type of control circuit. Yet he must 
understand these fundamentals: Any basic circuit may 
look fine on paper and, as a unit by itself, perform 
exactly as shown; but feedbacks and other circuit 
complications may result when one or more units are 
combined. 

Circuits described in this article are basic and 
consideration has been given to coil-winding data (turns 
and resistance), current-operating values (spring load- 
ings), spark suppression components used to prevent 
contact point deterioration, or means for suppression 
of radio interference. These are elements that must 
always be considered separately for each job, so that 
the circuit will function as a homogeneous unit. 

Five common types of relay coil windings are shown 
in Fig. 1. A single-wound coil is shown at (A) ; 

® ® © © © 


FIG. 1 


double-wound coil with the windings magnetically 
aiding each other at (B); a double-wound coil with 
the windings magnetically opposing each other at (C); 
while schematic (D) illustrates a slow-to-release coil, 
with a copper slug on the heel (base) end of the coil 
core, or a copper sleeve that completely covers the 
core lengthwise, or a second winding that is short- 
circuited. The slug, sleeve or short-circuited winding 
acts as a low resistance short-circuited turn. When 
the operating circuit is opened, a counter-emf set up 
in the shorted turn maintains the flux through the 
magnetic structure of the relay, thus delaying the 
release of the armature. Amount of time delay depends 
upon the type of short-circuited turn and the degree 
of saturation of the core at the time the coil is de- 
energized. 

Schematic (E) shows a slow-to-operate coil with a 
copper slug on the armature end of the core, which, 
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in the reverse of the coil at (D), sets up a counter-emf 
around the relay core at the armature end, effectively 
choking the magnetic flux. This prevents the armature 
from moving until such time as the flux in the relay 
has reached a steady state or saturation value and the 
counter-emf has died down. 

Both slow-to-release and slow-to-operate relays may 
have double windings, and may be connected as 
“aiding” or “opposing,” depending upon circuit needs. 
The release time of slow-to-release relays depends upon 
the spring loading: the greater number of springs the 
armature has to operate, the faster will the relay re- 
lease. Since this type of relay is characteristically fast 
to operate, the operate-to-release time ratio is approxi- 
mately between 1:30 and 1:5. The slow-to-operate 
relay, however, is both slow to operate and character- 
istically slow to release in the ratio of 4:1. 

Familiarity with the commercially available contact 
arrangements which may be applied to relays is an- 
other “must” for the circuit designer for he may 
frequently be able to simplify the circuit when he 
knows how these various combinations can be used. 

Fig. 2 shows five basic spring combinations that may 
be used singly or in combination to obtain the end 
results: The normally open or make contact is shown 
at (A); while (B) is a normally closed or break 
contact; (C) a break-make assembly; (D) a make- 
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before-break combination; and (FE) a_ break-make- 
before-break combination. Various minor changes may 
be made in the above contact arrangements such as a 
preliminary-make or a preliminary-break, and are gen- 
erally indicated schematically on the circuit by “X.” 
These “X” contacts, shown at Fig. 2 (F) and (G), 
will be operated before any other contacts in the 
assembly. They may be used as follows: (1) as a 
locking contact to make sure the relay will be main- 
tained in the operated position by a source other than 
the original operating source; and (2) when the 
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elephone practice 


A GROUP OF 
MISCELLANEOUS 


TELEPHONE-TYPE RELAYS 


initiating source is such that its current value is 
capable of operating only one pair of contact springs 
and the total relay load must be assumed by another 
winding. 

Finally there is the break-last assembly shown at 
Fig. 2 (H) which is used to maintain a closed circuit 
until all the other contacts of the relay have operated. 
Also, upon release of the relay these contacts will 
close before any of the other contacts change. This 
form is usuually designated as a “Y” contact. With 
these general features of a relay established, several 
basic relay circuits which can be combined to make 
up a required control circuit may now be described. 

Fig. 3 (A) shows a relay operated by a momentary 
closure of the switch. The operation of the relay closes 
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FIG. 3 


a maintaining or locking circuit through a set of con- 
tacts, which could be preliminary or “X” contacts. 
Fig. 3 (B) shows a relay having two windings con- 
nected in an aiding direction. The number 7 winding 
is strong enough to operate “X” contacts only. These, 
upon closure, energize the number 2 winding which is 
strong enough to operate the complete contact assembly. 
Fig. 3 (C) is a relay with a double-wound coil con- 
nected in opposing directions. Upon the momentary 
closure of switch A the relay will operate by means 
of its number 7 winding and lock up through the con- 
tacts 7 and 2. When the switch B is operated, winding 
number 2 will become energized opposing the number / 
winding, thereby causing the relay to restore and open 
the locking contacts 7 and 2 along with the other con- 
tacts of the relay. Fig. 3 (D) illustrates a two-relay 
method of locking, functioning similarly to that shown 
at (C). Relay C is operated by a momentary closure 
of the switch A and upon the closing of its contacts J 
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and 2 locks itself through contacts 1 and 2 of relay D. 
When relay D is energized by the switch B, the locking 
circuit to relay C will be opened and it will restore to 
normal. This double-relay locking circuit is used 
extensively in preference to the single relay, as in Fig. 
3 (C), when the contact load or the total amount of 
contact springs which the relay has to operate is greater 
than the number J winding can handle. 
Slow-to-operate and slow-to-release relays may be 
used in circuits which may require the introduction 
of a timing factor. Typical is the case where a “splash” 
of current is required to cause an audible alarm to 
operate for a short period and a visual alarm signal 
to remain operated. In this case a slow-to-operate relay 
would be wired as in Fig. 4 (A) where, upon closure 
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FIG. 4 
of switch A, a circuit is completed to the slow-to- 
operate relay winding and also to the audible alarm 
through contacts 7 and 2. The audible alarm would 
immediately operate. The relay, due to its slow-to- 
operate characteristics, would not operate for a pre- 
determined period, but upon operation would cut off 
the audible alarm by opening contacts J and 2, and 
then actuate the visual alarm through contacts 3 and 4. 
One note of caution in the use of slow-to-operate re- 
lays: Such relays are dependent upon voltage; the 
lower the voltage, the slower the operation; and con- 
versely, the higher the voltage, the shorter the oper- 
ating time. 

The slow-to-release relay is able to hold up or 
remain operated under momentary circuit interruptions. 
It is also able to maintain a closed circuit for a pre- 
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determined period after the relay coil-holding circuit 
has been opened. This type of relay is one of the main 
operating features in dial-controlled automatic tele- 
phone systems. It is used to hold operated certain relays 
essential to telephone switching operations while the 
dial of the calling telephone is interrupting the control 
circuit to transmit the pulses necessary for the setting 
up of the call. 

Relays having short-circuited windings as shown in 
Fig. 4 (B) and (C) will be slow-to-operate and 
slow-to-release respectively, but the delays will be 
much less than with relays equipped with copper slugs 
or sleeves, due to the fact that the short-circuited 
windings possess greater résistance value than the 
copper slugs. The delay caused by these short- 
circuited windings, however, is in general sufficient to 
allow the operation or release of another unit in the 
circuit before the relay operates or “restores” to nor- 
mal, as the case may be. 

A form of time delay with a greater latitude in time 
is obtained by the use of capacitance, resistance and 
inductance. In Fig. 4 (D) a capacitor C is wired in 
multiple with the relay coil. When the circuit is 
energized by the closing of the switch, the relay wind- 
ing will be “starved” by the capacitor until it has 
been charged to its stable point and then the relay will 
operate. Conversely, when switch A is opened, the 
capacitor discharging through the relay winding will 
hold the relay operated until the former is discharged. 
Going further along this line of design, Fig. 4 (E) 
shows how the operating time may be controlled by 
means of a variable resistance R connected in series 
Upon closing of switch 


with the relay and capacitor. 
A, current flows through resistance RK charging capac- 
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itor C at a rate depending upon the value of R. 
As before, when the capacitor has reached its charge 
value, the relay will operate. In this case it removes 
the capacitor from the circuit and discharges it 
through the resistance FR, thereby making the relay 
fast-to-release in performance when switch A is opened. 
Fig. 4 (F) demonstrates a reverse condition wherein 
the relay will be fast to operate and slow to release. 
Its release time is controlled by means of capacitance C. 

One of the many interesting relay applications is 
pulse absorption, also known as “alternate-open-and- 
close circuits,” as shown in Fig. 5. These circuits nor- 
mally require two relays. (A_ single mechanical- 
interlock type of relay with two coils on one structure 
has also been used, but it is basically more expensive 
and will not be described here.) Fig. 5 (A) is a form 
of alternate-open-and-close grouping which is character- 
istically fast in operation, utilizing oppositely connected 
windings and make-before-break-contact assemblies. 
Its operation is as follows: Upon the first closure of 
the switch, which we will consider to be pulsing at a 
certain rate of speed, the number 2 winding of relay A 
and both windings of relay B are energized. Relay 
B will not operate because its windings are energized 
in opposite directions. Upon the operation of relay A 
its operating circuit will be transferred from the switch 
to a positive battery by means of the make-before- 
break springs. When the switch is opened, the number / 
winding of relay B will become de-energized and relay 
B will be operated by its number 2 winding. Upon the 
closing of the switch for the second time a circuit will 
be closed through the contacts of relay B to the number 
1 winding of relay A, which will immediately cause it 
to restore, since the two windings have been energized 
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in opposing directions. When the switch is again 
opened relay B will also restore. This cycling will 
continue as long as the switch is alternately opened and 
closed. Sequence of energization and de-energization of 
relays and their respective windings is shown under 
circuit schematic. 

Fig. 5 (B) is another pulse-absorption scheme where 
the relays are made to restore by means of shunting 
their windings. This circuit is characteristically slow 
and is used only when the operating speed does not 
warrant the more expensive use of double-wound relay 
coils as in the previous circuit. It is felt that with the 
aid of the operating chart and the foregoing explana- 
tion the reader will readily follow through the oper- 
ating sequence. 

Still another alternate-open-and-close or  pulse- 
absorbing circuit is shown in Fig. 5 (C). This is a less 
expensive unit since one of the relays has a single- 
wound coil and fewer contact springs are required for 
its control. It is, however, slower in operational speed. 
One other circuit of this type which should be brought 
to attention, is shown in Fig. 5 (D). It is capable 
of being operated on either direct of alternating cur- 
rent. The main operational drawback of this circuit 
is the use of both positive (+) and negative (—) 
direct current or the ground and hot side of alter- 
nating current on one set of spring contacts as shown 
at contacts 7, 2 and 3 of relay A. One means of 
minimizing possible trouble from this source is to utilize 
a protective resistor R as shown. Another means is to 
use a double pile-up relay structure with a make 
assembly on one side and a break assembly on the 
other side. This, however, does not entirely eliminate 
the trouble for if either the break or make assemblies 
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should get out of adjustment, a direct short may occur. 

Relays, of course, are ideal for counting circuit 
closures or pulses; the following schematics show a 
few variations of such applications: Fig. 6 (A), (B) 
and (C) show how, by utilizing a set of preliminary “X” 
contacts, a single two-step relay per step or count may 
be wired in such a manner that the relays will follow 
the counting pulses. In (A) all the relays will remain 
energized after the incoming pulses have stopped and 
a release or lock circuit must be opened to restore the 
relay chain to normal. In (B) each relay is restored 
to normal after the one following it has been operated. 
This circuit also requires the lock to be opened to 
release. In (C) the circuit is connected in an end- 
less chain, the cycle repeating until pulses cease. 


Variations in Circuits for Pulse-Counting 


In schematic (A) when the first pulse is applied by 
the closing of the switch, the number 17 winding of the 
first relay in the chain is energized and operates the 
preliminary “X” contacts. Upon the closing of these 
contacts, winding number 2 is connected into the cir- 
cuit, but as long as the switch is held closed this wind- 
ing is shunted out by the positive battery from the 
switch and from the lock circuit. Now when the pulse 
is over, the switch is open and the shunt is removed 
from the number 2 winding and both windings operate 
in series from positive battery on the lock circuit 
through the number 2 and number / winding to the 
negative battery. The two windings aiding will 
operate the complete relay spring combination. Com- 
pletely operated, the relay transfers the initial operating 
circuit to the next relay in the chain (in this case the 
second relay) and upon the reclosing of the switch 
the next pulse is then sent into the number / 
winding of the second relay which operates 
exactly as the first. This process then con- 
tinues until the last relay in the chain is oper- 
ated. For further operation the lock circuit 
is opened which allows all relays to restore. 

In the schematic Fig. 6 (B), the same basic 
relays are used except that the preliminary 
“X” contacts are now make-before-break in- 
stead of make contacts. This change allows 
each relay to operate, closing the associated 
circuits it may control, and then restoring 
to normal when the chain steps to the next 
relay. In this case the pulse from the switch 
is fed to the circuit through a chain of con- 
tacts starting at the last relay and going pro- 
gressively backwards to the first. This, then, 
is the secret of how each succeeding relay 
restores the previous one to normal. Firally, 
using the same basic relays and a slight 
change in the control contacts diagrammed at 
(C), the counting chain may be made to re- 
peat its cycle continuously until the pulses stop 
or the lock circuit is opened. 

Another method of counting which uses 
one relay per step plus a steering relay is 
illustrated in Fig 7. As in the previous ex- 
ample, (A) requires all relays to remain 
energized, (B) allows succeeding relays to 
cut off the preceding relay, while (C) is an 
endless chain. In this method the steering 
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relay is used with each relay in the chain in each suc- 
cessive step. When the switch is closed, a positive bat- 
tery is applied to operate the steering relay, but since 
number 1 winding of the first relay in the chain is 
connected to the positive battery (as are all the others 
in the chain) it is shunted until the switch is reopened, 
at which time number 1 winding will operate in series 
with the steering relay. 

It has power to operate the preliminary “X” 
contacts of the first relay, thereby energizing number 2 
winding by way of the lock circuit. In this case, pre- 
liminary “X” contacts are used so that number J wind- 
ing, which operates in series with the steering relay 
will not have a large load to handle and thus lets 
number 2 winding do the work, thereby allowing faster 
operation of the chain. 

As already noted, complete operation of the first 
relay transfers the control circuit to the second relay 
and upon the closure of the switch for a second time 
the same process will be repeated to operate each relay 
successively until the last relay of the chain has been 
operated. Release of the counting chain again is con- 
trolled by the opening of the lock circuit. Circuits (B) 
and (C) are different forms of the original ; circuitwise 
the former is arranged to restore each preceding relay, 
while the latter is connected as an endless chain. 

Another counting circuit used extensively in the 
telephone industry is shown in Fig. 8. It will easily 
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accept a series of impulses at a rate above 10 
per sec and utilizes three common steering re- 
lays (A), (B), and (C), plus one relay per 
step or count. Features are: (a) absence of 
any special contact adjustments (preliminary 
“X” contacts); (b) use of single-wound relay 
coils (allowing full power for the operation of 


the relays) ; and (c) ability to handle maximum _ 


contact spring loads at high counting speeds. — 


Without going into too much detail as to its operation, 
which is quite simple and straightforward, it may be 
assumed that the pulses are being generated by the 
closing and opening of the switch. 

Upon initial closure, the first relay operates and 
through its contacts 7 and 2 prepares a locking circuit 
in series with the steering relay C. Since the latter is 
connected to the positive battery it will not operate 
until the positive battery applied by the closed switch 
(which shunts C) is removed. It also prepares a cir- 
cuit to the second relay through contacts 3 and 4. When 
the switch is opened after the first impulse, the steer- 
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ing relay C will operate in series with the first relay 
and, at the former’s contacts 7, 2 and 3, transfers the 
operating circuit from the first relay to the second 
relay. Steering relay C also opens a maintaining cir- 
cuit for steering relay A by means of its contacts 4 and 
5; however, at this time steering relay A is not oper- 
ated and therefore this opening has no results. When 
the switch is closed for the second impulse, the second 
relay operates and prepares a locking circuit to steer- 
ing relay B and an operating circuit to the third relay 
as previously described. 

Opening of the switch after the second impulse causes 
steering relay B to operate in series with the second 
relay and by means of its contacts 4 and 5 to open the 
holding circuit to steering relay C and the first relay, 
thereby causing them to restore and transfer the oper- 
ating circuit to the third relay by means of contacts /, 
2 and 3 of steering relay B. When the third impulse 
is received, the third relay will now operate, preparing 
an operating circuit to the steering relay A and an- 
other to the fourth relay. When the switch is again 
opened, steering relay A will operate in series with 
the third relay and by means of its contacts restores the 
second relay and the B steering relay. 

Now on the fourth impulse the fourth relay operates 
and prepares the same circuits for the next relay and 
steering relay C as already described. When the switch 
is again opened, the fourth relay will lock up with the 
steering relay C; in other words, the 
steering relays recycle every third im- 
pulse and act as holding circuits for the 
counting relays. This type of chain may 
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be extended as far as the designer desires by using 
only the three original steering relays and one relay 
per step. 

A circuit always welcome in a designer’s handbag is 
one commonly known as the “Christmas Tree.” It 
basically pyramids contacts on each successive relay 
so that a multitude of circuits may be controlled from 
a small number of relays. Fig. 9 illustrates a circuit 
of this type which uses but four relays but has facil- 
ities for controlling sixteen different functions. In 
general relays will control 2” circuits. 


(Continued on page 188) 
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INDUCTION WATE, -erignee 


Change to a close-coupled output circuit with 
grounded plate in this Sieco induction heater 
eliminated all operating adjustments and 
added to operator safety; higher frequency 


increased production rate for small parts. 


V. W. SHERMAN 


Chief Engineer 
Sherman Industrial Electronics Co. 


RIMARY merit of induction heating as a pro- 

duction tool is the development of rapid localized 

heat within the mass of the work piece for forg- 
ing, upsetting, surface hardening, brazing and solder- 
ing of metals and degassing electron tubes. While the 
performance of our previous electronic models was 
proven, too often the heaters were more r-f transmit- 
ter than machine tool and experience with the equip- 
ment had brought to light certain limitations. In devel- 
oping the new 1-kw unit shown in Fig. 1 requirements 
set up were: simplicity in design for operation by un- 
skilled personnel, a faster heating rate, a more efficient 


Fig. 1 (Left)—Miniature plug-in assemblies for an electric 
shaver are soldered with this 1-kw induction heater con- 
trolled by a single foot switch. Redesign of the power out- 
put circuit eliminated all need for operator adjustments, 
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to increase satety and 


operating simplicity 


and convenient output coil connection, a lower output 
voltage for increased safety, and elimination of water 
as a cooling agent for the oscillator tube. 

In practically all applications of induction heating 
the impedance of the load coupled to the h-f generator 
has both reactive and resistive components. To obtain 
the maximum useful power, the generator and load 
have to be matched. Usually this is done by tuning, grid 
current adjustments and tap changing. However to 
make the operation simple enough for use in produc- 
tion equipment, it was desirable to replace all of the 
adjustments if possible with a single push-button. 

For brazing, soldering, tempering and annealing 
small parts on a production basis, a fast rate of heat- 
ing is necessary. This is particularly true with non- 
magnetic and high conductivity materials. Non-magnetic 
materials such as brass and stainless steel limit flux 
because of their low permeability, and flux changes in 
high conductivity materials set up strong counter emf’s 
which restrict flux change and therefore heating rate. 

In earlier models, endless field trouble was caused 
by conventional output terminals, usually flared tube 
fittings or set screws. To the user, the heating coil and 
its method of attachment is of immediate and continu- 





Fig. 2 (Right)—Output transformer contains the multi- 
turn tank coil completely surrounded by a copper cylin- 
der which forms the output coil. This close coupling 
gives full power from the output circuit without tuning. 
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ing interest. Therefore a coil block and terminal was 
needed to guarantee an easy, accurate positioning of 
the coil, with good mechanical strength. It had to have 
convenient water connections for cooling, and above all 
provide a reliable electrical connection which would not 
deteriorate with age or deform with repeated tighten- 
ing. Provision had to be made for quick attachment of 
experimental coils to enable user to test new shapes 
prior to final assembly. Also, the coil must be located 
at a height convenient to the operator when the heater 
unit is placed on factory benches and stands. 

As mentioned above, high coil voltages endangered 
the operator and decreased the heating rate by requir- 
ing more spacing between work piece and the coil cop- 
per. Arcing from the work coil to the work because of 
the voltage was a frequent complaint. Extra precau- 
tions had to be taken to prevent contact with operator. 

Water as a cooling agent inside an induction heater 
has always caused trouble. In humid weather parts 
sweat and moisture drips on the insulation and cabinet. 
One pin-hole leak can crack a power tube or ruin a 
transformer. Dirt and chemical contamination plugs the 
filters and causes interference in water-flow switches. 
The use of water cooling and accompanying hoses and 
connections decreased the portability. 

In designing the new unit to eliminate the necessity 
for tuning, a circuit was developed with the work coil 
closely coupled to the tank circuit. This arrangement 
substantially gives full reflection of the load circuit 
electrical characteristics directly into the tank circuit. 
Any change in the load circuit such as a change of in- 
ductance when a piece of iron is inserted in the work 
coil for heating will be reflected as a proportional 
change in inductance of the tank coil. The resulting 
frequency change is unimportant, but the added load 
represented by the iron causes an increased plate cur- 
rent in the power tubes. Thus when coupling is close 
or tight, full power can be drawn from the output cir- 
cuit without the need for tuning to eliminate reactance. 
The piece of iron, in effect, is coupled to the tank cir- 
cuit. The coupling transformer has a wide copper cyl- 
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inder, shown in Fig. 2, completely surrounding all 
turns of the tank coil. 

On small parts the simplest way to increase the heat- 
ing rate is to increase the frequency since heating de- 
pends upon the rate of flux change. Low frequencies 
can create equal flux density in a small work piece but 
the reversals of flux are relatively low and the net rate 
of flux change is insufficient for fast heating. A change 
in frequency also overcomes the problem encountered 
in heating non-magnetic and conductive materials. As 
a result the frequency was changed from the kilocycle 
range to 3 to 6 mc. This change from kilocycle to mega- 
cycle output frequency increases the heating rate of 
brass and similar materials five to six times. 


Low Output Voltage 


At this point in the development of the unit, it was 
noted that if such a high*frequency oscillator circuit was 
further changed to an unconventional grounded-plate 
Hartley oscillator, the voltage between ground and the 
output terminals could be reduced to a negligible value. 
Use of a grounded-plate circuit eliminated the possibil- 
ity of having a high voltage at the output terminals and 
the higher frequency gave a work voltage of only 
10 volts to either side of the ground connection insur- 
ing operator safety. In practice the operator can grasp 
the output terminals or touch the metal work to the 
coil with no shock—an improvement over the high im- 
pedance load circuits with high voltages. However, 
since the output voltage has been reduced to 10 volts 
and the power output is 1 kw, the terminals have to 
be designed to carry 100 amp. 

In the schematic circuit diagram shown in Fig. 3. 
the right hand portion is the r-f oscillator composed of 
two power triodes (GE 592) connected in parallel and 
used as a single tube. Multi-turn tank coil together 
with the vacuum capacitor C, constitute the tank cir- 
cuit of the grounded-plate Hartley oscillator. In this 
application, the high-voltage lead is the negative power- 
supply lead for safety reasons explained above. 

Left hand portion of Fig. 3 contains the entire con- 





Fig. 3—Unconventional grounded- 
plate oscillator circuit avoids high 
voltages at the output terminals; an 
important factor in both operator 
safety and elimination of arcing. 
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Fig. 4—For accurate sturdy coil positioning and a reliable 
electrical connection, work coil is held to cast-bronze output 
terminals with four screws. Potential difference between 
the terminals and ground is only 10 volts. Operator can 
grasp output terminals or touch work to coil without shock. 


trol circuit. Autotransformer 74 is for the purpose of 
adjusting the unit to any line voltage in the range from 
200 to 250 volts. Switch S; energizes the control cir- 
cuit and heaters on the rectifier (866) and power tubes, 
and Sy energizes the control circuit of high voltage 
contactor K,. Also in series with Sg is S3 a safety in- 
terlock, Ky an overload relay to protect the power 
tubes and a plug jack J; for a foot switch, safety 
switch or time controlling element as desired. An ex- 
ternal jumper may also be used. Voltmeter Mos indi- 
cates the voltage applied to the heater transformer 7; ; 
ammeter M, indicates total cathode current which is 
proportional to the output power. 

Red bronze was chosen for the output terminals be- 
cause of its high electrical conductivity, good machin- 
ing properties and higher strength than copper; also 
the fact that other parts could readily be silver soldered 
to it. Castings are machined to form the coil lugs shown 
in Fig. 4 and assembled on a heavy-canvas phenolic 
laminate. The coil block is attached to the terminals 
with four screws. All holes in both mating pieces are 
drilled and tapped to insure registry and squareness. 
For preliminary testing of trial coils a temporary con- 
nection is provided by the two large holes in the ter- 
minals as shown. The terminals were placed at an aver- 
age between height of factory benches and hand height 
or 5% in. above the base of the unit. This corresponds 
with the work heights of turntables, mounting tables 
and other accessory items in our line of equipment. 
To allow for variations, the coil block is designed so it 
can be mounted up or down, permitting an adjustment 
of 3 in. 

Forced air from a conventional 1250-cfm dual blower 
is used to cool the entire unit. Cooling air is drawn 
in through the rear of the cabinet, forward over the 
power supply shown in Fig. 5, downward through an 
opening to the blower chamber beneath the power 
supply. Air is then driven through openings in the 
center wall directly against the glass power tubes, for- 
ward over the vacuum capacitors and the load coupler. 
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Fig. 5—Heater is constructed in four subassemblies: power 

pack, oscillator tube assembly, front panel and load coup- 

ler, and cabinet proper with controls and blower. Water 

cooling was replaced by air cooling to improve portability 
and eliminate undesirable sweating. 





Fig. 6—Induction heater is readily converted into a dielec- 

tric heater by replacing output coupler and terminals by 

‘a vertical sliding door and a pantograph linkage carrying 
adjustable heating plates. 


Air exits from a louvre at the top of the front panel 
and is directed toward the rear, away from the operator. 

Cabinet is of functional design, using formed and 
welded heavy gage steel to insure a high degree of 
shielding and cabinet strength. Front corners have a 
34 in. radius. Cabinet is finished in neutral gray wrinkle 
finish and center panel is red wrinkle. Base tray was 
designed with 34 in. dimples depressed % in. to form 
sliders. Meters and pilot lights are placed at eye level 
for the operator. Since arbitrary meter readings are 
usually forgotten after a short period of time, meters 
are marked directly in safe operating limits. Power and 
foot switch are both connected with heavy-duty plug 
cords to facilitate moving and reconnection. The only 
plumbing connection (to the exterior work coil) is a 
4-in. rubber tube. Approximately 1 to 1% gpm of 


tap water is required to cool the fixture. 
(Continued on page 188) 
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Designing For Shock Resistance 


To withstand tests specified by Signal Corp, 
small panel instrument uses rubber shock 
mount and low mass, high strength parts. 


IDER APPLICATION of electrical measuring 

instruments in locations and equipment subject 
to shock and vibration has placed added emphasis on 
shock resistance. Test specifications set up by the Sig- 
nal Corp for “shock-proof” instruments call for spe- 
cific shock, vibration and bounce tests simulating serv- 
ice conditions. Shock tests are made on a machine de- 
veloped by the Navy to approximate conditions en- 
countered in gunfire and underwater explosions. In- 
struments are bolted to a test panel mounted on an 
anvil against which a 400-lb hammer drops from a 
height of 1, 3 and 5 ft, successively. The series of 
blows is applied in each of three directions: toward 
the top, rear and side of the meter. Vibration testing 
simulates conditions encountered in aircraft, field gen- 
erator sets and vehicles. Test requirements call for a 
total of 6 hr vibration, 2 hr in each of three planes, at 
a frequency of 2 to 10 cps with a total excursion of 
0.400 to 0.500 in., and 10 to 33 cps with a total ex- 
cursion of 0.040 to 0.060 in. 

Tumbling or bounce test simulates abuse received by 
portable field equipment in use by ground forces and 
rough handling incident to transporation. For this test, 
meters are mounted in a 2-lb steel sleeve and inserted 
for 1 hr in a tumbling machine having four compart- 
ments 12x30x20 in. mounted symmetrically about a 
shaft revolving at 5 rpm. After all three tests, there 
must be no evidence of collision between any parts of 


Fig. 1—Specially designed shock mount attenuates high 
amplitude, low frequency shock forces imposed during 
actual service. Also the basic D’Arsonval movement and 
frame structure was redesigned, new fastening techniques, 
new hair springs and larger radius pivots used to make the 
instrument meet Signal Corps “‘shock-proof”’ specifications. 
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the instrument or loss in electrical or mechanical per- 
formance. 

Development work by Marion Electrical Instrument 
Co., Manchester, N. H., on a meter to pass these tests 
was started in 1947. Shock-proof meters shown in Fig. 
1, which successfully pass these tests, combine a special 
rubber shock mount and a redesigned D’Arsonval 
movement. 

Design of a self-contained rubber shock mount posed 
a number of problems, intensified by space limitations 
and relative displacement of the movement under shock. 
A non-corrosive rubber compound was developed by 
the Barry Corp., Cambridge, Mass., with good low- 
temperature characteristics, high dielectric strength, re- 
quired bonding qualities and a durometer hardness of 
45. The material was molded directly to the interior of 
the case with a floating anchor-disk and a three-point 
mounting stud assembly in the center of the rubber 
block. 

First step in increasing the shock resistance of the 
movement was a reduction in mass by using an Alnico 5 
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magnet and sintered-iron pole pieces. The basic instru- 
ment frame, or bracket structure, was also analyzed 
under shock conditions ; single and double-bridge types, 
internal and external pivot types were tested. These 
tests showed that the determining factor in the per- 
formance of all types of movement suspensions under 
shock was the method used to secure the core since it 
had the largest mass of any component in the instru- 
ment frame assembly. Therefore, a rigid core mounting 
was important to keep the movement in its bearings 
under shock. A special double core-lock, shown at A 
in Fig. 2, was designed to eliminate failure. 

Early in the development of the instrument conven- 
tional fastening and assembly techniques were dis- 
carded. Cemented screw and lock washer combinations 
would not remain fast. Brass screws would shear; dial 
screws worked loose. Concentration of stresses on screw 
fastenings associated with cast Alnico resulted in mag- 
net fracture. As a solution to this problem, a three- 
point magnet holding bracket, shown at B, was designed 
to distribute shock forces over a large area of the mag- 
net. Stainless-steel machine screws were used through- 
out for added shear strength. To minimize whipping and 
collision between the dial and pointer assembly under 
shock, the dial was mounted at the three points with a 
jam-nut locking stud shown at C, holding the stainless 
steel screws firmly in the stud. 

Hair spring distortion and fouling was the cause of 
considerable field difficulty. A study was made of the 


Fig. 2—Revised frame structure uses a double core lock 
designed to restrict the core against shock deflection, and 
three-point magnet holding bracket distributes forces over 
magnet surface and minimizes torsional forces. Jam-nut 
locking studs and stainless steel screws are used to secure 
the dial and pointer assembly. Beryllium copper hair 
springs with a short total length are formed with smallest 
OD possible and then given normalizing heat treatment. 
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Designing for Shock Resistance 


Jets of Mercury Serve as Brushes 


Deep Drawing with Rubber Dies 


Plastics Molding Problems 
Reactor Control for Charger 
Electrical Shock 
Electronic Metering Pump 

Rapid Defrosting | 
Electric Tachometers on Boring Mill | 


Tiny Flashlight Battery 


And other new ideas and 
developments of interest 





behavior of various hair spring materials with respect 
to zero shift, fatigue point, maximum excursion under 
shock before deformation, fastening and normalizing 
techniques. These tests indicated that silver-coated 
beryllium copper was the best material. As shown at 
D, springs were designed with the shortest possible 
length and highest natural resonance consistent with 
torque desired, formed with a small OD and given a 
normalizing heat treatment to remove cold working 
stresses. 

Pivots and V-jewels are the most vulnerable of in- 
strument components to shock damage. Investigations 
in this field were concerned primarily with finding the 
best material combinations, and best radius and includ- 
ed angle for pivot and jewel. Basic characteristics of 


Conventional 
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the shock-proof movement gave high torque-to-weight 
ratios; therefore, large-radius pivots could be used to 
advantage to reduce the unit loading of the bearings 
and permit them to withstand greater shock and vibra- 
tion without damage. For this reason, 0.0025-in. radius 
pivots and 0.005-in. radius jewels were used. Two ma- 
terials were found satisfactory for the pivots, tantalum- 
tungsten and Elgiloy, but the latter was selected. For 
jewels, hard boro-silicate glass was used. 

Pointers shown at E in Fig. 2 were made of 52SH 
aluminum alloy tubing with a minimum flattened sec- 
tion and a positive lock on the balance cross of the 
moving system. This type of pointer withstood shock 
and vibration and allowed greater electrical overload 
without pointer damage. 

Conventional three-hole 120-deg 


flange mounting 


Jets of Mercury 


Novel homopolar generator delivers pulses of 
50,000 amp at 2.5 volts 


ARADAY never dreamed of power possibilities in 

disk-type homopolar generators he first described 
in 1831, Fig. 1. His was a laboratory plaything. In 
recent years homopolar generators of the single- 
winding, collector-ring type have been built for re- 
sistance welder service with capacities up to 50,000 
amperes.* Using metallic-graphite brushes, collector 
ring velocities of 10,000 fpm have been feasible, with 
peak current densities around 1000 amp per sq in. of 
brush area. 

More recently a high-speed disk-type generator has 
been developed experimentally that has a current den- 
sity in the brushes of 40,000 amp per sq in. The prob- 
lem of brush deterioration and heat losses at such 
high density has been met by using jets of liquid mer- 
cury for brushes. ; 

The rest of the design is equally novel. The disk. 
which forms the armature, is only 534 in. in diam 
and is made of 2 per cent beryllium copper. An air 


_ *“Homopolar Generator the Basis of Kinetic Stored Energy Welder 
System,” EvLectrica, MANUFACTURING, January 1948, p. 126 


Fig. 1—Faraday disk type of homopolar generator. (From 
“Principles of Electricity and Electromagnetism,” G. P. 
Harnwell, McGraw-Hill Book Co., 1938). 
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imposed excessive stress on the bolt heads and meter 
flange particularly under high shock applied from the 
rear of the instrument; flanges were badly deformed 
and mounting bolts loosened. To preserve complete 
interchangeability between shock-proof and conven- 
tional instruments, a shock mounting ring or retainer 
shown at F was designed. The ring with three fixed 
tapped studs slides over the barrel of the instrument 
from the rear, resting against the rear of the panel. 
Three stainless steel screws in the standard mounting 
positions thread into the studs and force the slotted 
ferrule section of the ring to firmly grasp the barrel of 
the instrument. Thus, the entire outer periphery of the 
ring, rather than the bolt heads, carries the forces set 
up under high shock. Ring also facilitates assembly of 
meter to panel in close quarters. O00 


Serve as Brushes 


turbine drives it at 19,000 rpm to generate 50,000 amp 
at 2.5 volts in a pulse of 0.33 sec duration. The 
turbine buckets are milled out of one side of the disk 
near its periphery. Usual shop air pressure of 80-90 
psi powers the turbine. Fig. 2 shows the design of 
the disk and single-turn field “coils” which surround 
it. The latter are cast of solid copper. Field at center 
of disk is 4000 gauss, produced by the inductive action 
of the current. There is no iron in the magnetic circuit. 

This unique machine was developed by Robert I. 


Fig. 2—Sketch of Stough generator with bare copper field 
coils connected by shorting bar to create strong pulsed 
magnetic field. 
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strough, Department of Physics, Case Institute of 
Technology, Cleveland. The generator was built as 
a laboratory experiment to test hypotheses developed 
by Strough and Richard Garwin in their Ph. D. thesis 
work under the direction of Prof. E. F. Schrader. 

The only limiting factor in the unit’s capacity is 
the speed at which the disk will rotate before it flies 
apart. To prevent an accident should the disk shatter, 
the experimental model is surrounded by a heavy barrier 
vf timbers and steel, and special equipment has been 
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provided to dispose of the poisonous mercury vapors 
developed. 

For a machine of this type, which generates a huge 
magnetic field at negligible cost, Strough sees a possible 
role as the magnetic core of a betatron or other atom 
smasher. If such a machine were worked out, it could 
save the high cost of energy-storing apparatus, such 
as whole rooms full of capacitors and the tremendously 
costly magnets which are the bulk of most atom 
smashers. Oo0 


Deep Drawing Now Possible with Rubber Dies 


New method of sheet metal forming gives 
substantial savings in tooling costs and reduc- 


tion in production costs up to 50 per cent 
on short-run forming jobs. 


EVELOPED BY tool research engineers of the 

Glenn L. Martin Company, Baltimore, the Mar- 
form process so far has been applied to aluminum 
alloys, deep-drawing steel and stainless steel aircraft 
parts. The method is similar to the Guerin process of 
forming parts with a male punch and rubber pad, but 
the action of the rubber is entirely different and the 
speed of action much faster. Complex sheet metal 


Sketch illustrating the punch and the plate which consti- 
tute a Marform tool. Pressure of the rubber in the retainer 
is exerted in all directions against the part and is great 
enough to allow material to shrink without wrinkles. 


An assortment of metal parts formed by the Martin Mar- 
form process. Materials for the parts shown range from 
0.010 in. gage aluminum to 0.109 in. deep-drawing steel. 
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parts involving drawing, shrinkage and stretching can 
be made at the rate of 50 to 120 per hr. Much saving 
in handwork results from eliminating wrinkles nor- 
mally encountered with rubber dies. 

Use of rubber saves the cost of a matching female 
die, but up until now it has not been possible to get a 
good substitute for the pressure pad used in deep 
drawing operations in a steel die. As in the Guerin 
process, the rubber is contained in a retainer mounted 
on the upper platen of a hydraulic press. The male die 
is loosely held in a rest plate, an added item, which 
serves as a stripper when the drawing operation is 
completed. Pressures are employed high enough to give 
local stiffness to the rubber sufficient to prevent forma- 
tion of wrinkles. 

The principal feature of the Marform process is the 
precision control of the pressure curve through cam 
action as the press platen descends. Depending upon 
the size of the hydraulic press, operating pressures on 
the rubber body can be controlled to run from prac- 
tically zero to as high as 5500 to 7000 psi. The new 


View of a Marform unit on a 3500-ton hydraulic press, 
showing the form tool, pressure control at right, and 
pressure indicator and depth-of-stroke gage at left. 
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process overcomes the disadvantages of the Guerin 
process in that pressure can be built up in the machine 
by movement of the press before any metal forming 
takes place, as indicated in the sketch. The rubber pad 
is first brought down over the sheet to be formed, then 
the punch is pushed up from below. Flexibility is ob- 
tainable that is not available in a double-acting die 
with draw ring. Pressures may start low, increase and 
then fall off; they may gradually increase from start 
to finish, or they may start high and then fall off. 
Use of rubber prevents rapid application of strain at 
any point on the metal. The rubber also exerts a 
lateral pressure which locks the metal already formed 
to the form block of the tool. At any one instant the 
rubber causes the metal to be strained beyond its yield 
point over a much shorter gage length by locking it 
just above the instantaneous point of forming. Since 
they are confined, these local elongations can be higher 
than could be safely applied over longer lengths. These 






You can design a better plastics part if you 
have a realistic appreciation of some common 
molding troubles that can hamstring the ex- 
ecution of your design. 


C. J. SNYDER 
Koppers Company, Inc. 


OMMON PLASTICS troubles are: (1) short 

or incomplete shots; (2) rejects because of 

surface and interior marks; (3) cracked or 
broken parts caused by sticking; (4) imperfections 
and cracks showing up after storage or use periods; 
and (5) lost production because of improper or erratic 
cycle. Causes are usually these: (1) improper mold- 
ing conditions; (2) poorly designed dies; (3) use of 
materials other than those for which the dies were 
designed; (4) use of scrap or re-run material; and 
(5) use of the molding machine beyond its capacity, 
or the use of molding machines in poor mechanical 
condition. These causes, singly or in combination, are 
sometimes sufficient to create unnecessary losses in 
parts, production time, material, and ultimately, dollars 
and cents. 

It is rarely that two different jobs can be run under 
exacily the same molding conditions. Even on the 
same die, conditions often change drastically from one 
run of the same job to another run, especially if an 
appreciable time has elapsed between the two runs. A 
change of atmospheric conditions may often cause a 
series of moldings to go awry. Normal seasonal tem- 
perature differences in water used for cooling dies 
may bring about corresponding differences in die tem- 
perature; this must be compensated for by changing 
some of the “standard” molding conditions. It may be 
something as simple as closing a water valve or it may 
mean that a complete change in molding temperatures 
and cycles must be effected. In short, all factors that 
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Plastics Molding Problems 
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factors enable parts to be made in one drawing opera- 
tion that would otherwise take two operations (see 
cut). 

In the Marform process the reduction in blank 
diameter is regularly 57 per cent, as compared with 40 
to 50 per cent with conventional steel drawing dies. 
Material as thin as 0.010 in. has been formed, as thick 
as 0.675 in. in aluminum alloys and up to 0.102 in. in 
steel. Depth of draws in 0.012 in. material have been 
made up to 90 per cent of the cup diameter. Generally, 
a cup depth of 1% times the blank radius can be at- 
tained. Tolerances of plus or minus 0.005 in. are com- 
monly obtained on parts where the shape is sufficiently 
rigid to maintain such accuracy. Tapered shapes have 
been successfully made with the process. Metals with 
coated or polished surfaces are not affected by the 
forming operation. 

Hydropress, Inc., New York, will manufacture and 
sell Marform metal forming units. 000 


contribute to final molding conditions must be consid- 
ered. Here are the major considerations: 


Cylinder Temperatures. Improper temperatures re- 
sult in either insufficient or excessive material soften- 
ing. This in turn creates erratic molding conditions. 
Temperature settings must be made only after con- 
sideration has been given to material softening point, 
heat distortion temperature, design and capacity of die, 
and material-handling capacity of the machine cylinder. 





Redesign of this flexible shaft equipment made by 
Wyzenbeek & Staff, Chicago, replaced three castings 
with steel stampings, spot and are welded, to reduce 
weight and increase strength. In addition, savings in 
manufacturing cost by the redesign made possible a 
15 per cent reduction in selling price. Machine base is 
supported on tripod by a ball-bearing swivel. Eccentric 
on jackshaft adjusts tension of belt which is fully en- 
closed in new model. 
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AMERICAN SCREW CO. 


completes move to New Plant 
... enters New Era in Quality and Service 


After one hundred and twelve years at its Providence locations, the 
American Screw Company has moved its “know-how” and facilities to 
its one-floor modern streamlined plant at Willimantic, Connecticut. 
This building now houses all administrative, engineering, production, 
purchasing, sales, and research personnel. 

Our new plant is completing its “shakedown cruise”... and is now 
turning out high-quality American Phillips and Slotted Fasteners in 
ever-increasing quantities. 

Here, the newest and finest of high-production equipment, operated by 
employees under ideal working conditions, will set a mew standard 
of American service to all fields of industry. 


AMERICAN SCREW COMPANY, WILLIMANTIC, CONNECTICUT 


Plant at Norristown, Pa. 
Warehouses at: Chicago 11: 589 E. Illinois St. Detroit 2: 502 Stephenson Bidg. 
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GED DRIVER ¢ 


Monel, Everdur (sili- 
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Temperature gradient through the cylinder is also im- 
portant. In most cases, the temperature of the front 
part of the cylinder should be higher than that of the 
rear; in others, an equal temperature, front and rear, 
is best. It is generally poor practice (and prevalent in 
too many molding shops) to have the temperature of 
the rear higher than that of the front. 

Injection and clamping pressures. Insufficient injec- 
tion pressure causes short shots, while excessive pres- 
sure produces flash, die sticking, overweight parts, and 
cracked pieces. Insufficient clamping pressure gives 
flashed pieces and cocked dies, while excessive clamping 
pressure puts undue strain on the machine and die 
parts. 

Cycle is important both in determining the number 
and quality of parts produced per unit time. Plunger 
time determines the fill of the piece and material pack- 
ing effectiveness. Cooling time is a prime factor in 
determining quality, appearance, and dimensional sta- 
bility of the finished piece. 

Die temperature is one of the important factors of 
the degree of finish, the quality, the fill, the dimensional 
stability and the control of stresses and strains. A 
consideration of the job and the factors involved de- 
termines whether warm, cold, or half-and-half dies 
must be maintained. Proper feed as one of the molding 
conditions is self-explanatory. A slight and constant 
cushion on the injection stroke of each shot will aid in 
maintaining smooth operation. 

Poorly designed dies make for excessive scrap. Un- 
balanced dies are hard to control due to feed, pressure 
differences, clamping pressure, and die heat control. 
Undersize sprues and runners do not supply sufficient 
feed rapidly enough to fill out the piece. Gates can be 
too small for satisfactory molding, but in most cases 
they are made too large. It is always good practice 
to start out with the smallest gate possible and en- 
large if necessary. Gates can be opened, but it is ex- 
tremely difficult to close them off once they have been 
made too large. Good molding practice today is based 
on the principle of restricted gating. 

Restricted gating. When this practice is adopted, the 
tool designer and the molder must not take this as their 
cue to reduce the quantity of feed to the gate. The 
gate may be made small but there must be a sufficient 
quantity of material fed in order to make a complete 
piece. It is not uncommon to find dies in which the 
sprue and runners have been made so small as to pro- 
vide an insufficient rate of feed to make the piece be- 
fore the material sets after leaving the heating cylinder. 
The matter of sprue and runner size coupled with the 
size of nozzle used on the machine is very important 
and, as in the case of gating, it is always advisable to 
make them as small as possible. But it should also be 
recognized that there is nothing to prevent making 
them larger whenever incomplete parts are obtained 
due to insufficient feed. 

Sufficient draft in the die is essential to enable the 
operator to remove the molded part from the die easily. 
Underdrafted dies continually give sticking problems 
and high production losses. It’s good economy to allow 
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Machining is speeded and guesswork is eliminated by 
the installation of electric tachometers showing feeds 
and speeds on a horizontal boring mill at the Sunnydale, 
Calif., plant of the Westinghouse Electric Corp. By glane- 
ing at the dials located directly above the controls, the 
machinist can determine the rpm of cutter shaft, rate 
of feed and speed of saddle. By eliminating the need 
for calculation by the machinist, and by providing him 
with fingertip control of the mill operation, the instru- 
ment installations have been credited with substantial 
savings in machining time. 


as much draft on a die as possible without harming the 
utility or design of the finished part. It’s better to 
have too much than too little draft. 

Running unbalanced dies. Many molders attempt to 
make a complete product in one shot in the same die; 
for example, a box, a lid, and insert. This poses a 
challenge to the tool designer as to the layout of such 
a mold. Main factors are those of mold area as corre- 
lated with the available clamping area of the machine, 
the type of die heating and cooling to be used and, most 
important of all, the location of heating and cooling 
channels, inlets, and outlets in the die. One factor not 
generally taken into consideration in multiple-cavity 
dies is that thin sections do not require as much die 
heating or cooling as do heavier and thicker sections. 


Die Finish. Importance of this is reflected in the fin- 
ish of the molded article. Good die finish also pro- 
motes improved moldability. Except where a satin or 
dull finish is desired, the die should be polished to the 
highest degree, preferably to a mirror finish. This 
method is better than chrome plating; the latter may 
cause uneven plating and irregular thicknesses in the 
molded part. Chipping off of the chrome plating while 
in use may also occur. To rechrome chipped plating 
means expense and trouble. A high polish on steel is 
generally accepted as more desirable than mirror sur- 
faces obtained by chrome plating. 

In die design, it’s also necessary to correlate the 
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ALONG YOUR ASSEMBLIES... 


Try the Guardian Series 335 D.C. Relay, one of hun- 
dreds of basic Guardian types. A general purpose relay 
with a wide range of applications, the Series 335 D.C. 
is built to the rigorous standard of aviation relays. It 
performs in accordance with the 10-G Vibration Test 
and the ANR-20-B test. Generous coil winding area 
permits single windings up to 15,000 
ohms. Parallel and double windings 
are also available. Contact combina- 
tions are possible up to three pole, 
double throw. 

The Series 335 D.C., like most 


Guardian Relays, is now available 
HERMETICALLY SEALED. 


Screw Terminal 
Hermetic Housing 


New Hermetically Sealed Relay catalog 5-H is yours for the asking. 


Series 595 D.C. Series 210 A.C. —215 D.c. Series 220 A.C. Series 695 D.C. Series 610 A.C.—615 D.C. 


Write — ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 


GUARDIAN WELECTRIC 


1627-F W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 


MAY 1950 
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design with the characteristics of the molding powder 
suitable for the application, and take advantage of such 
characteristics. Frequently dies are designed to use one 
type of molding powder only to have end-use consid- 
erations demand the use of another material. It is nec- 
essary to know the properties of the plastics material 
to be used and to accordingly fit them into the end use 
before any major tooling-up is started. 

Feeding back of scrap, reground or re-run material 
may create trouble caused by erratic molding condi- 
tions, contamination, and material breakdown. This 
breakdown is caused by chemical changes brought 
about by the application of heat and pressure the first 
time the material is used. For quality products, virgin 
material should always be used. 

Overloading of molding machines is another source 
of trouble. This is done in two ways: (1) by attempt- 
ing to mold parts whose total weight, including sprue 
and runners, is greater than the rated capacity of the 
machine, and (2) by building dies which have too 
large an area for the press, thereby giving poor clamp- 
ing. The first of these is more serious inasmuch as 
more attention is paid to the latter when a job is lined 
up. 

Many molders are unaware that the rated capacity of 
a molding machine is not the same regardless of what 
material is used. Actually, injection molding machine 
cylinders are rated on the basis of cellulose acetate. 


Materials with a specific gravity different from that of 
cellulose acetate will accordingly change the machine 
cylinder weight capacity. For example an 8-oz ma- 
chine is rated on cellulose acetate with an approximate 
specific gravity of 1.33. The same machine using 
polystyrene with a specific gravity of 1.05 would, if 
rated according to polystyrene, have a capacity of 6.39 
oz. If a die is designed for polystyrene weighing up to 
8 oz, such troubles may occur as short shots and shots 
with surface and internal marks. Bulk factor of mate- 
rials should be especially noted before any new job is 
undertaken. 

Although it is not strictly a molding problem, the 
product designer may well consider that failure of a 
molded part can in many cases be traced back to im- 
proper molding conditions. Some points to consider 
are physical stresses and strains set up in the molding 
operation, exposure to chemical attack and exposure 
to outdoor weathering. Stress relief of parts is often 
necessary to prevent cracking and crazing of molded 
articles in storage or use. This is accomplished by an- 
nealing and similar operations. Actual tests of molded 
parts are usually necessary in order to arrive at a final 
answer. And of course all properties of the material 
have to be checked prior to original specification, 0 00 


Acknowledgment—This article has been condensed from a paper 
presented at the 1950 National Technical Conference of the Society 
of Plastics Engineers, Cleveland, Ohio. 


Saturable Reactor Control for Battery Charger 


ACK of a satisfactory method for adjusting charg- 

ing rate before batteries reach excessive gassing 
point has been a problem for many years. Re- 
cently, the Westinghouse Electric Corp., Buffalo, N. Y., 
developed a three-phase charger for industrial truck 
batteries, shown below, using saturable reactors to 
control the a-c voltage supplied to copper-oxide recti- 
fiers. Charging current tapers off as charge continues 


Power 
transformer 


Voltage relay UV energizes 
before excessive gassing and 
decreases charging rate by 
increasing the current in d-c 
coil of saturable reactors. 


NOMENCLATURE 


M —main power relay 

Ma —auxiliary contacts on 
main power relay 

SM —d-c power relay 

SMa —auxiliary contacts on 
d-c power relay 

TC —finish time relay and 
on-off switch 

DN —low rate relay 

UV —voltage relay 


transformer 
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and the battery voltage rises. Just before battery voltage 
reaches the excessive gassing point, a temperature- 
compensated voltage relay operates to change the sat- 
uration of the saturable reactor and reduce the charge 
to a finish rate for a predetermined interval. 

Controls are adjusted for the type of battery and 
initial and final charging rate. Battery is plugged in. 
Time switch TC is turned manually to the desired fin- 


Power 
rectifier SM 


Saturable 
reactor 
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Tungsten and Molybdenum 
For ultra-special services requir- 
ing high strength or spring prop- 
erties at elevated temperatures; 
for vital functional parts of elec- 
tronic and X-ray tubes. Avail- 
able in wire, rod, sheet, bar, and 
fabricated parts 


Cooperation at 
On La OS 


Sooner or later you'll need technical help on the 
materials, parts and components listed on this page. 
Be ready with needed information at your 
fingertips. Check below for useful literature of 


interest to you. . 


. also feel aac to call ina 


Fansteel engineer. 


Copper Base Alloys 


Fansteel ‘'601"’ Metals, a series 
of high strength, high conduc- 
tivity alloys for current carrying 
members. Bar, rod, sheet, strip, 
castings and fabricated parts. 


fo 


Tempered Soldering Tips 
Last longer, boost production, 
save solder, save maintenance. 
Fansteel Soldering Tips are tem- 
pered; they do not soften at melt- 
ing points of common solders. 


Symbol of 
a Long Record 
of Integrity, 
Dependability 
and Service 


Selenium Rectifiers 


Electrical Contacts Fansteel Selenium Rectifiers are 


In all forms, for all purposes, 
made of all recognized materials, 
including tungsten, silver, molyb- 


known for long life, stable output, e 


and rugged construction. Stand- 
ard rectifier stacks available for 


For nearly 50 years the elec- 


trical industry has welcomed 
Fansteel’s research and co- 
operation, and has looked 
to Fansteel for its specialized 
contributions of intricate 
and vital component parts. 


FANSTEEL 
METALLURGICAL 
D-C Power Units, Battery CORPORATION 
Chargers, Sub-Assemblies North Chicago, 


Complete with transformers, con- Illinois 
trols, meters and housings, or any U.S.A. 
desired degree of sub-assembly. 


denum, platinum metals Fasaloy* practically any D-C service. 


alloys and Fastell* compositions. 


*Registered Trade Morks 


Complete Contact Assemblies 


Electrical contacts assembled to 
springs, reeds, brackets or other 
supports, ready for use. 


PRODUCTS AND SERVICES INCLUDE: 
ELECTRICAL CONTACTS. . ..SELENIUM RECTIFIERS, 
METALS: TANTALUM, TUNGSTEN, MOLYBDENUM, 
COLUMBIUM, COPPER BASE ALLOYS. 
RESISTANCE WELDING MATERIALS 
AN INDUSTRY THAT SERVES INDUSTRIES 


MAY 1950 














D E St4#i G N ee a2 8 Ss 


ish-rate time. This energizes main contactors M sup- 
plying voltage to both the charging rectifier and the 
control rectifier which supplies the d-c reactor circuit. 
When M is energized auxiliary contacts M, allow d-c 
contactor SM and contacts SM, to close. As the high 
rate charge approaches the excessive gassing point, tem- 
perature-compensated voltage relay UV is energized 
and its contacts operate relay DN, decreasing the cur- 
rent in the d-c coil of the reactor and thus decreasing 
the charging rate. Relay DN also energizes timer TC 
to allow the preset time to run off. When time has 
elapsed, TC opens both a-c and d-c contactors. OOO 


Electronic Metering Pump 


For corrosive chemicals, acids, photographic solu- 
tions, dyes and sanitary food products, metering pump 
made by Eastern Industries, Inc., Newton, Mass., is 
powered by a solenoid electronically timed to control 
flow. Timer shown at right uses an RC multivibrator 
circuit with a frequency control knob located on the 








front panel to control the number of strokes per unit 


time; can be remotely controlled. Length of stroke 
can be adjusted up to a maximum output of 0.8 cu in. 
per stroke. Pump is constructed of Type 316 stainless 
steel with carbon pistons, and is self-lubricating. A 
mechanical seal eliminates stuffing box. OOO 


Electrical Shock 


Three factors, voltage, current and resistance, in- 
volved in the effect of electricity on the human body 
follow the same Ohms’ Law relationship that they do 
in any electrical circuit. Just as every resistor has a 
wattage rating so does every human being. However, 
the wattage rating of each individual varies considerably 
with condition of the body, environment, type of contact 
and points of contact, according to the National Safety 





Table I—Human Resistance to Electrical Current 





Type of resistance Resistance value, ohms 





Dry skin 100,000 to 600,000 
Wet skin 1000 
Internal body—hand to foot 400 to 600 
Ear to ear 100 
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Table II—Effect of Current on Body 


Current, ma 


Effect on the body 

















lorless Causes no sensation—not felt. 
1to8 Sensation of shock, not painful, individual can 
let go at will because muscular control is not lost. 
Dangerous Current Values 
8 to 15 Painful shock; individual can let go at will 
because muscular control is not lost. 
15 to 20 Painful shock; muscular control of adjacent 
muscles lost. Cannot let go. 
20 to 50 Painful, severe muscular contractions; breath- 


ing is difficult. 


50 to 100 Possible death, ventricular fibrillation’. 





100 to 200 Certain death. 


Severe burns, muscular contractions so severe 
that chest muscles clamp heart and stop it for 
duration of shock. 


200 to over 


* A heart condition that results in instant death—no known remedy. 





Council, Chicago, Ill. As a result, the severity of shock 
depends upon the following factors: voltage, amount of 
moisture on contact surfaces, pressure of contact, area of 
contact, and resistance of body portions listed in Table 
I. A shock to be fatal must in addition to the above 
conditions pass through or relatively near the heart. 
Table II shows effect of current on the human body. 
Current values up to 8 ma are harmless since mus- 
cular control is not lost. From 8 to 50 ma the current 
causes painful shock, and from 15 to 50 ma loss of 
muscular control and difficulty in breathing. When the 
current through the heart is above 50 ma and not over 
200 ma the rhythm of the heart beat is destroyed by 
ventricular fibrillation. This usually results in instant 
death. Above 200 ma, the current causes severe burns 
and extreme contraction of the chest muscles which 
clamp the heart and stop it. ooo 


Rapid Defrosting 


A fully automatic rapid-defrost system has been in- 
corporated into a refrigerator-freezer combination made 
by the Westinghouse Electric Corp., Pittsburgh, Pa. 
The defrosting process is accomplished by warming the 
Freon refrigerant with an electric heating element; cir- 
culation of the warmed Freon through the system melts 
the veneer of frost on the freezer wall. When the tem- 
perature ratio between freezer wall and warm Freon 
indicates that the frost has been melted, defrosting 
cycle is automatically switched off and refrigerator re- 
turns to its normal operating condition. Defrosting 
cycle is automatically set in motion each time the re- 
frigerator door has been opened 60 times—average 
number of daily openings by users. 

In normal operation, with the defroster not working, 
a compressor pumps Freon refrigerant into a condenser 
as a high-pressure gas. Here the gas is condensed by 
the surrounding air and leaves the condenser as a high- 
(Continued on page 210) 
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Nowhere does WESTON dependability 

and value pay bigger returns than on 

the’ panels or controls of electrical 

equipment. By consistently telling the 

truth, they help assure efficient 

performance of the equipment in users’ 

hands... where so much depends on 

instrument performance. Moreover, the name 
WESTON on a panel instrument gains instant 
recognition ... helps build buyer acceptance for the 
products on which they are installed. Available in 
types, sizes, ranges and styles for all needs. Ask your 
nearest WESTON representative for all the facts, or 
write for bulletin A-7-B. WESTON Electrical 
Instrument Corporation, 582Frelinghuysen Avenue, 
Newark 5, New Jersey. 
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for destigqned-tn use 
HERMETICALLY SEALED MINIATURE TELEPHONE-TYPE RELAY 


EASURING only 1x 1'%4ex2%e in., hermetically 
sealed miniature telephone-type relay HT saves 4 
chassis mounting space. Available with windings from a 
fraction of an ohm to 22,000 ohms for operation up to 230 
volts a-c or d-c. Deep-drawn steel, hot-tin dipped enclo- 
sure specially developed for the relay will accommodate 
relays with 6 movable poles in two stacks. Enclosure can 
be fitted with glass-insulated headers having up to 14 
terminals, but not with standard octal plug. Minimum 
insulation leakage resistance is 10,000 megohms at 50 












per cent humidity. Enclosure and relay are desiccated 
at high temperature and sealed in one atmosphere of 


nitrogen to eliminate oxidation and reduce arcing. Leak- 
age tested by immersion in pure water at 200 F. 

Minimum operating power 0.050 watts per pole permits 
sensitivity of 1.5 ma in single-pole relay with a 22,000- 
ohm winding. Maximum coil power is 4 watts for the un- 
enclosed unit. Dual stack with contacts of any arrange- 
ment up to 16 springs, with a limit of 6 movable poles. 










‘Contacts are 0.094-in. spherical 18-gage, Code 3 pure G2 melamine. Coils protected by coating of cellulose 
palladium welded to nickel-silver springs and rated at acetate unless specified otherwise. Armature hinge ‘ of 
2 amp. On special applications, higher contact ratings and heat-treated beryllium copper tested over 100 million 

lower contact resistance may be provided with silver operations. Vibration and shock resistance is more than 
rivet contacts on phosphor-bronze springs. Stack insu- 10 G with minimum of 1.5 watts in coil. Potter & Brum- 
lation is laminated paper-base phenolic or molded class field, 215 N. Main St., Princeton, Indiana. 







COMPLETELY SEALED CERAMIC-CORE RESISTORS 





















INE of vibration- and shock-resistant ceramic-core 
resistors coated with a blue-gray, crazeless vitreous 
enamel, are available with standard resistor terminals in 
the fixed, ferrule, flat and adjustable types. Specially 
designed resistance wire for these resistors is uniformly 
wound eliminating failures under stress. Terminals are 
a special alloy, spot welded to the ceramic body. All 
wire connections protected by positive non-corrosive bond- 
ing. Power ratings are in accordance with NEMA stand- 
ards, based on a temperature rise of 300 C in free air with 
a maximum ambient temperature of 40 C. 

Standard resistor sizes range from 5 to 200 watts with 
resistance range from 0.3 to 190,000 ohms. Lengths from 
1 to 10% in., tube OD from %¢ to 1%, ID from %¢ to 
134 in. Ferrule-terminal resistors have metal caps forced 
over end of tube prior to enameling thereby eliminating 
loose or misaligned terminals. Resistances and wattages 
to specifications, lengths range from 13 to 10% ¢ in. with 
4 in. ferrule, OD from %, to 1% in. Flat resistors are 
mounted by means of an aluminum through-bar in intimate 
contact with the internal surface of the ceramic core. 
Bar distributes generated heat uniformly along entire 
length, eliminating hot spots. In comparison with tubular 
units, flat resistors have a higher wattage rating per unit 
space, reduced depth behind mounting surface, can be 
Coated with a blue-gray vitreous enamel, resistors are designed mounted singly or stacked, have lower inductance and 


to withstand humidity, salt water and atmospheric conditions. cannot rotate. Wattage ratings from 30 to 75 watts, re- 













132 ELECTRICAL MANUFACTURING 





se 
of 
On 





It’s nylon... 


Y 
and it’s Chicago Molded Plastics, of course! 


@ Here, again, is a case where the tough- 
ness, smoothness, and friction resistance of 
molded nylon makes it superior to any other 
material. It forms the vital dual-action bolt 
in‘ Snug-Tite’’ Spring Catches made by The 
Engineered Products Company, Flint, Mich- 
igan. This unique latch is ideal for closet 
and passage doors . . . latches without effort 
... holds firmly. Slam it... tug at it... 
don't worry . . . for nylon is amazingly 
tough and will take years of punishment 
with hardly a trace of wear. 


* * * OK 


Experience has shown that molded 
nylon is ideal for a host of mechani- 
cal parts such as gears, bearings, 
bobbins, washers, pawls, grommets, 
cams, and similar units. It is excep- 
tionally tough and resistant to abra- 
sion. Its tendency to dampen vibra- 
tion insures quiet operation. It 


requires little or no lubrication when 











neers. Just write or phone... . today. 


used for gears or bearings. And itis There’s no obligation. 


not affected by petroleum oils and 
greases, alkalis and dilute acids. 


But, remember . . . the fabrication of 
nylon requires special techniques 
which only long experience can pro- 
vide. That’s perhaps why we have 
been so successful in this special 
phase of plastics molding. We've 
been molding nylon ever since it 
was first introduced by Du Pont. 


Of course, we mold all other plastics 
materials, too. Our facilities include 
every size and type of equipment for 
compression, injection and plunger 
molding. And our experience in 
plastics goes back more than 30 
years. That’s a mighty good reason 
for discussing your next plastics 
molding job with one of our engi- 


You’ll Want This Booklet 


“Facts About Nylon” contains worth- 
while information about this remark- 
able material, its qualities and pro- 
perties, and discusses many typical 
applications. Write for your free 
copy today. 


CHICAGO 
MOLDED 


PRODUCTS 
CORPORATION 





1024 N.Kolmar Ave. Chicago 51, Illinois 


Representatives in 
principal industrial centers 


COMPRESSION, INJECTION AND PLUNGER MOLDING OF ALL PLASTIC MATERIALS 


MAY 1950 
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sistances from 0.10 to 50,000 ohms, lengths from 2 to 
634 in. Adjustable resistors have a straight narrow track 
along one side left free of enamel. Where winding is 


exposed, underside is tightly imbedded in vitreous enamel. 
All standard resistor sizes can be furnished with adjust- 
feature. 


able Standard tolerances for single-section re- 







EVELOPED specifically for wire and cable insulation, 
silicone rubber compound G-E 13003-C has been 
formulated to meet the primary insulation requirements of 
Navy specification 15-C-14. Insulated wire may be pro- 
duced by dry-heat curing or by continuous steam vulcan- 
ization (CV) techniques. Applied by extrusion, no 
maximum wall thickness has been determined. Head tem- 
peratures of 130 F and barrel temperature of 100 F are 
considered maximum. Cure time of 30 sec gives satisfac- 
tory results at 100 to 225 psi steam pressure. Typical 
physical properties of CV-cured insulation 0.020-in. thick 
removed from 50-mil OD seven-strand wire are: tensile 
strength, 450 to 550 psi; elongation, 80 to 100 per cent. 
Dielectric strength increases with temperature; insulation 
resistance decreases with temperature. After aging tensile 
strength is greater and elongation is less. Specific elec- 
trical properties for various temperatures are shown in the 
accompanying table. 

Silicone rubber offers several advantages over many 


other types of wire insulation; advantages are: good 
insulating properties; stability to heat, cold, moisture, 


oxidation and corona; resistance to variety of oils and 
chemicals; flexibility and shock resistance; resistance to 
both electrical and mechanical fatigue; and suitable for 
fast production methods of manufacture such as continuous 
vulcanization techniques. 

Compounds for other special applications are also 
available. Two low-durometer compounds, G-E 13011 and 










Battery provides more than twice usable light of previous cells 


CERAMICS WITH HIGH THERMAL 


Group of ceramics (Stupalith) can be formulated and 
processed to possess a retraceable zero, low-positive or 
low-negative thermal expansion. Compositions are _ basi- 
cally lithium-alumino-silicates processed to develop a spe- 





SILICONE RUBBER COMPOUND FOR WIRE INSULATION 





INDUSTRIAL FLASHLIGHT BATTERY HAS UNUSUAL CONSTRUCTION 





sistors are + 5 per cent above 50 ohms and 10 per cent 
for lower values; for resistors with intermediate taps, 
+ 10 per cent per section; closer tolerances to specifica- 
tion. Angle or push-on brackets and centering washers 
for mounting. Hardwick-Hindle, Inc., Div. of The National 


Lockwasher Co., 40 Hermon St., Newark 5, N. J. 


- 


13012, are for use in extreme-temperature applications for 
shock mounts, light spring-loaded gaskets, damping de- 
vices and other related uses. Another general-purpose 


Electrical Properties 
Temperature, C 25 100 150 


Dielectric strength, 60 cycles, vpm 
short time 560 680 
step-by-step 380 510 620 


Power factor, 1 mc 
dry 0.003 
0.004 


after 3 days in water 


Dielectric constant, 1 me 
dry 


after 3 days in water 


Insulation resistance, 
megohms per 1000 ft 
50 per cent RH 1500 
96 per cent RH after 24 hr 430 





silicone-rubber compound, G-E 13013, has good general 
properties and is easy to mold and extrude in fabrication 
of parts. Red-colored, 50-durometer stock exhibits good 


flow and fine parting lines in molding and equally good 
flow in extrusion. 
Pittsfield, Mass. 


Chemical Dept., General Electric Co., 


SING inside-out construction, industrial flashlight bat- 
U tery Eveready No. 1050 has a carbon container with a 
zinc power vane as the center element whereas former con- 
struction consisted of a zinc-can container and a carbon- 
rod center electrode. Unlike the zinc container of former 
cell, carbon is inert to electrolytic action and hence will 
never perforate irrespective of battery age or degree of dis- 
charge. Cell will not leak, corrode or swell. Cell produces 
more light-minutes than any in manufacturer’s line, pro- 
viding twice the usable light (defined as the amount of 
brilliant white light available before the battery becomes 
too spent to produce useful light). Battery is completely 
interchangealile with all D-size (standard flashlight size) 
batteries and no changes have to be made in lamps or 
cases. Plastics coating insulation prevents short circuits. 
Curve of volts vs time for 4-ohm H.I.F. discharge is almost 
a straight line from 1.3 volts at 50 min to 0.9 volts after 
1150 min. National Carbon Div., Union Carbide and Car- 
bon Corp., 30 East 42 St., New York 17, N. Y. 


SHOCK RESISTANCE 


cific crystal structure. This is brought about by heat 
treatment causing conversion of the natural lithium- 
alumino-silica crystals to beta spodumene with an excess 
silica molecules causing a solid solution. Crystallographic 
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Now you can depend upon MITCHELL-RAND to supply your 
electrical tape requirements for all insulating, tieing and identify- 



























ing uses .. . and be confident that with MITCHELL-RAND service 
—— | and PERMACEL TAPES, your electrical equipment and apparatus 
ral | will have positive insulation and absolute protection. 
a 
rod 

PERMACEL ELECTRICAL TAPES have great dielectric and ten- 
N sile strength, great tear-resistance, maximum adhesive firmness, 
it excellent varnish penetration, etc... . their backings and adhesives 
as minimize abrasion and electrolytic corrosion . . . resist oil, water 
a and acids . . . provide elasticity . . . stick at a touch and hold 
7 everlastingly. 
f PERMACEL TAPES have what it takes to insulate, protect, tie 
. and identify . . . and often at lower cost! 
) 
r 





It will pay you to test PERMACEL ELECTRICAL TAPES . . . write today on your 


letterhead and MITCHELL-RAND will submit samples and descriptive data. 





A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VA 151! 
AND TWINES «+ CABLE FILLING AND POTHEAD COMPOUNDS = RICTION TAP AND PLICE « TRANSFOR 
POUNDS * FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC 
TAPE «+ MICA PLATE, TAPE, PAPER, CLOTH, TUBING f : f ITTON TAPES. W 
SLEEVINGS + IMPREGNATED VARNISH TUBING + INSULATED VARNISHES ( ALL TYPES - EXTRUDED F 
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inversion is irreversible resulting in a dimensionally- and 
gravimetrically-stable ceramic regardless of further heat 
treatment. Material is formed by conventional methods 
of pressing, extrusion and casting, and by subsequent 
machining or grinding operations to precision tolerances. 
Extruded forms have been subjected to gas blasts at 
elevated temperatures and cooled at a rate of 50 C per sec 
with no failure in more than 60 cycles. Pressed forms 
have been subjected to combustion analysis tests with no 
apparent reaction and no material adherence. Pressed 


specimens have been subjected to continuous temperatures 






























1200 
100 cycles 


Use Temperature, C 
Thermal shock, 2000 F to liquid air 


Linear coefficient of thermal 


expansion, X 106 +1.5 to0to —1.5 


Thermal distortion, 2000 F None 
Water absorption, per cent 0 to 18 as desired 
Specific gravity 2.1 to 2.4 
Dimensional tolerances, per cent +2 
Dielectric strength, vpm 

(ASTM D-116-44) 140 
Dielectric constant, 1 mc 

(JAN-1-10) 7.82 
Power factor, 1 mc 

(JAN-1-10) 0.0048 


Loss factor, 1 mc 


of 2000 F for periods of 30 to 120 days with no specific 
gravity change. In testing thermal shock, specimens 
were heated to 2000 F and plunged into liquid air for 
100-c¥cles with no failure or apparent damage. Maximum 
operating temperature is 1200 C. Stupakoff Ceramic and 
Mfg. Co., Latrobe, Pa. 


FHP MANUAL MOTOR STARTER 


Compact single or double-pole switch is especially suited 
for controlling and protecting small a-c and d-c fhp motors 
used with fans, pumps, small washing and ironing machines, 
refrigerating compressors, and other industrial or domestic 
appliances. 


Switch has built-in positive overload protec- 





tion with a wide range of heaters available for motor rat- 
ings from 0.50 to 14.3 amp. Heaters permit sufficient time 
delay to start a small motor. Can be mounted in a standard 
wall box, machine cavity or other suitable enclosure. Also 
available in NEMA I standard surface mounting enclosure, 
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NEMA III, IV, and V water and dust-tight enclosure or 
in NEMA VII and IX enclosure for Class I, Group D or 
Class II, Groups E, F and G hazardous locations. Positive 
operation is provided by an overcenter-toggle mechanism, 
Straight-through wiring avoids turns and bends; for con- 
venience and accessibility, all terminals are at front with 
line terminals at top and load terminals below. Westing- 
house Electric Corp., Box 868, Pittsburgh 30, Pa. 


SELECTIVE-SPEED GEARSHIFT DRIVE 


Designated as Type R3C, gearshift drive has a 1- to 5- 
hp motor integrally mounted to a four-speed transmission 
with both primary and secondary gear reductions. Com- 
pact unit provides low, multiple output-speeds. Drives 
deliver full rated horsepower in each of the four speeds, 
and both constant-horsepower and constant-torque two- 
speed motors are available on these units. Applications 
include individual drives on automatic screw machines, 
drag conveyors, mixing equipment, and installations where 





a low range of selective speeds with high radial-load 
capacity are required. Designed for operation on 25, 50 or 


60-cycle polyphase voltages below 600 volts. Primary 
selective ratios range from 4.15:1 to 1:1 and secondary 
reduction gear ratios from 2.25:1 to 1:1. Full-load motor 
speeds from 1730 to 865 rpm. The Lima Electric Motor 
Co., Findlay Rd., Lima, Ohio. 


PHENOLIC MOLDING COMPOUND 


Mineral-filled phenolic molding compound, Durez 14893 
Black, has good heat resistance, good finish, fast cure, and 
a relatively low specific gravity. Material has good 
strength characteristics and is suitable for molding around 
inserts. Molded test pieces, baked for 24 hours at 450 F, 


are stronger after the test and retain their high-gloss 





Specific gravity, avg LS 
Water absorption, per cent 0.20 
Flexural strength, psi min 7000. 
Impact strength, ft-lb per in., min 0.26 
Distortion under heat, F min 340. 





finish. After 200 hours at 450 F, surface appearance of 
the material is still relatively unimpaired. Intermittent 
exposure to higher temperatures is equally safe. High- 
frequency preheating characteristics are similar to other 
mineral-filled materials. Can be molded either by the 
compression or plunger methods. Durez Plastics & Chem- 
icals, Inc., 134 Walck Rd., North Tonawanda, N. Y. 


VELOCITY-SERVO TORQUE UNIT 


For use in velocity servos and motor integrator systems, 
this velocity-servo torque unit consists of a d-c motor with 
a permanent-magnet field and a 27.5-volt armature coupled 
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BALDOR ELECTRIC CO., ST. LOUIS 10, MO. 
Motor Specialists for 30 years — 


ASK for 

complete, 

detailed The Baldor Streamcooled Motor is TOTALLY 
data. ENCLOSED, cooled by externally-mounted 





fan. It can't clog. 
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to a d-c rate generator with a permanent-magnet field. 
Speed of motor shaft is 10,000 rpm max. A 250-rpm max 
low-speed output shaft is coupled to motor through suitable 
gear reductions. Unit is housed in a 1%-in. diam 6-in. long 
aluminum tube as an integral assembly for incorporating 
into velocity servos or motor integrator systems using 





d-c control amplifiers. Unit may also be incorporated into 
position servos using the motor coupled to a separate fol- 
lowing device and a tachometer for error-rate stabilization. 
Torque motor supplies an output torque of approximately 
6 in. per oz whereas generator output voltage is available 
in various models from 2 to over 10 volts per 1000 rpm 
of motor speed. Special models to specifications. Servo- 
Tek Products Co., 4 Godwin Ave., Paterson 1, N. J. 


INDICATING LAMP UNITS 


Two indicating lamp units, T2MC and T2SLC, use type 
T2 slide-base bulbs and can be furnished with curved or 
flat lens engraved to specifications. Lighted lamp illumi- 
nates the engraved characters to show in the color desired. 
Low current (0.038 amp on all low voltages) makes 
type T2 bulb desirable for use with a series resistor on 


<= 


120, 220 or 440 volts. T2MC unit mounts in a single 1%- 
in. diam hole, has a 15%9-in. lens diam available for en- 
graving, and has a slip-fit lens cap. T2SLC unit mounts in 
a 14e-in. diam hole, has a ™e-in. lens diam available for 
engraving, and has a screw-type lens cap. Both lens caps 
are machined aluminum finished in black alumilite. Re- 
sistor when used is supported by the unit and does not 
require extra mounting holes. The H. R. Kirkland Co., 
Morristown, N. J. 





FLOW-ACTUATED CONTROL FOR WATER 


l'.ow interlock device with opera- 
tion independent of pressure, closes 
an electrical contact when flow of 
water exceeds a preset amount and 
opens when flow falls below a pre- 
set amount. Interlock is intended 
only for cold-water applications 
Device serves as a fuse in a circuit 
which -depends upon water cooling 
for protection. In other applications 
interlock can be used as a safety 
device to actuate an electrical con- 
tact with flow of water as in hot- 
water heaters, welding units, 
kitchen-waste units, transformer cooling, induction heat- 
ing, television luminaires and water-cooled dynamometers. 
Adjustment can be made for any flow from 1 to 4 gpm. 





138 


Differential between the cut-in and the cut-out of the elec- 
trical contact is 0.2 gpm min and 0.4 gpm max. While 
device does not directly control flow this can be accom- 
plished by installing an electrically operated throttling or 
regulating valve ahead of the device. Interlock mechanism 
is available complete with union fitting and strainer attach- 
ment to keep foreign matter out of the housing. Electrical 
rating is 10 amp at 125 volts, 5 amp at 250 volts, and 
3 amp at 460 volts, all a-c. Maximum line pressure is 
125 psi. Unit measures 2%x3x7 in. Apparatus Dept. 
General Electric Co., 1 River Rd., Schenectady 5, N. Y. 


COILS METALLIZED ON CERAMIC FORMS 


Greater inductive stability with high Q is obtained with 
a winding directly metallized to the coil form instead of 
conventional wire winding, Eliminates unstable inductance 
caused by difference in thermal expansion of wire and 
ceramic in wire-wound coils. Metal coating fired on the 
ceramic assures intimate contact, and thin metal layer 
follows elastically the dimensional thermal changes of the 
ceramic. Inductance coefficient of an AlSiMag 196 coil 
form with metallized winding is only 18x 10-®, as com- 
pared with 40x 10-® per deg C for a similar inductance 
wound with copper wire. Any vitreous low-loss AlSiMag 





compositions can be used for the form depending upon 
requirements. Multiple threading can be furnished, sec- 
tions suitable for soldering direct to chassis can be made 
part of the design. Hand-made test samples made to cus- 
tomers’ specifications can be furnished. American Lava 
Corp., Chattanooga 5, Tenn. 


PRECISION SNAP-ACTION LIMIT SWITCHES 


Simple screw adjustment on leaf actuator of snap-action 
switch Type MXT-1-Z131 allows the operating point of 
the %2-in. movement differential to be set at the correct 
position after installation. Single micrometer adjustment 
compensates for the cumulative effects of tolerance varia- 
tions in assemblies. Turning the Allen-head screw on the 
hinged arm of the leaf raises or lowers the operating point 
through 34 in. Adjusting screw is friction-held by a 
stop-nut. 

Adjustable movement differential on Type MX-1-Z25 





permits close setting of on-off cycles in control circuits. 
Variable differential motion may be fixed anywhere within 
the range 0.0005 to 0.008 in. Adjustment compensates for 
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AUTOMATICALLY WOUND COILS 


illustrated have interlayer insulation. Wound in 
multiples of from 8 to 30, on 30 inch long kraft paper 
tubes or equivalent. Subsequent operations include 
cutting coils apart, finishing leads, wrapping, im- 
pregnation, testing. 


Transformers: 


* @ Open types 


| . ‘ ‘ N 


iy BAS 


x 


\\ ae 
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e Audio 

@ Filter Reactors 
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@ Line Voltage 
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ELECTRICAL COILS 
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with BALL BEARINGS 


— the small extra first cost of 
test samples pays off in assur- 
ance of efficiency and durabil- 
ity of the finished mechanism. 
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with TRACING CLOTH... 


The small extra first cost of Arkwright 
Tracing Cloth, over that of tracing 
paper, repays many times over in the 
efficiency and durability of valuable 
drawings. 















































Through continued research and development plus 
skilled manufacturing processes, Arkwright Tracing 
Cloths meet every requirement of exacting drafts- 
manship. You'll find no pinholes, stains or other 
imperfections to detract from drawing quality — 
nor smudging or feathering after repeated erasures. 
Most of all, you'll have highly transparent, long 
lasting usefulness that perishable tracing paper can 
never match. 


























For every drawing worth keeping for future use — 
specify permanent Arkwright Tracing Cloth. Send 
now for generous working samples. Sold by leading 
drawing material dealers everywhere. Arkwright 
Finishing Company, Providence, R. I. 



































The Big Six Reasons Why 
Arkwright Tracing Cloths Excel 














- Erasures re-ink without feathering. 





- Prints are always sharp and clean. 








1 
2 
3. Tracings never discolor or go brittle. 
a 





. No surface oils, soaps or waxes to dry out. 
5. No pinholes or thick threads. 











6. Mechanical processing creates permanent 
transparency. 


ARKWRIGHT 


TRACING CLOTHS . 
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variation in working range tolerances of critical pressure 
and thermostatic controls and timing devices. Knurled 
knob on top of switch body raises or lowers the upper 
contact inside the switch. SPDT switch can be actuated 
by. many of manufacturer’s line of attachable actuators. 
Specifications for both switches are: Current capacity, 15 
amp 125 volt a-c or 2 amp 28 volt d-c non-inductive; 
operating force, 1.5 oz max; release force, 0.5 oz min; 
contact break distance, 0.01 in.; and over travel is %2 in. 
max. Overall dimensions of switch is 11%46x ™e x ™g¢ in. 
Unimax Switch Div., W. L. Maxson Corp., 460 W. 34th 
St., New York 1. 


SUBMINIATURE PLASTICS-CASED SWITCH 


Measuring only *%1x3¢x ™% in., precision snap-action 
switch 1SM1 is less than “5 the volume and weight of 
standard plastics-encased switches. Pin-plunger actuator 
controls SPST contacts. Tentative operating character- 
istics are operating force, 7 oz max; release force, 1 oz 
min; movement differential, 0.030 in. max; pretravel 0.008 
in max; overtravel, 0.005 in. min. Electrical capacity tests 
indicate a rating of 5 amp at 115 to 230 volts a-c and 2 
amp at 28 volts d-c. Micro Switch, Freeport, Il. 






CAPTIVE CAP SCREW 


For inaccessible locations, cap-captive screw with a con- 
cave top and an arced notch quickly centers power tools 
for rapid tightening. Arced slot will compensate for tilt 
up to 30 deg. In the field no special tools are necessary 
since slot in head will accommodate a coin. Three styles 
of points are available: chamferred point for standard 
fastening, bullet nose for guiding screw into tapped hole, 





pilot-guide nose for easy piloting and locating of plug-in 
units. Screw threads from %-20 to #6-32; length from 
4 to 6 in.; head diam from % to % in. Applicable to 
mechanical sub-assemblies and units, slide-in chassis elec- 
tronic sections, hinged covers of electrical equipment, and 
plug-in units.. Alden Products Co., 117 N. Main St., 
Brockton 64 EM, Mass. 


ELECTRICAL TAPES 


Two electrical tapes, Permacel-20 a cotton-cloth tape 
and Permacel-22 a creped kraft paper, both with non- 
corrosive adhesive are available for electrical insulation 
applications. Permacel-20 is specially designed for arma- 
ture windings, transformer coils, anchoring leads and 
other heavy-duty applications where strength and tear re- 
sistance are required. Tape is 13.5 mils thick and has an 
adhesion of 20 oz per in.; tensile strength, 42 psi; 
elongation, 12.5 per cent; insulation resistance, 5 megohms 
min; dielectric strength, 1800 volts. Permacel-22 is spe- 
cially designed for coil winding, motor construction, 
holding insulation and commutator leads in place. Tape 
is 9 mils thick and has an adhesion of 22 oz per in.; 
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For protection against high failure costs... 
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MAGNET WIRE 


Insulated with Glase! 


Magnet Wire is one component of electrical 
equipment your customers seldom see. Yet, 
if failure occurs the cost can be high, in- 
deed. For that reason, Rome Cable adheres, 
without exception, to one standard of qual- 
ity ... the best possible. To pass Rome’s 
rigid inspection copper conductors must be 
clean, smooth and fully annealed; insula- 
tions must provide full coverage, within 
close tolerances. Nothing is left to chance! 

’ Further, Rome Magnet Wire insulated with 
glass offers you these definite advantages: 


Excellent heat resistance 

Good heat conductivity 

High insulation resistance 

High dielectric strength 

Excellent space factor 

Resistance to moisture and 
corrosive acids 


They all add up to longer life and better 
design for your product. Yes, it will pay you 
to insist upon Rome Magnet Wire. 

Available as round, square and rectan- 
gular in a variety of insulations. 


*Identified by AIEE standards as Class B 
insulation, with a permissible ‘‘hottest- 
spot’’ temperature of 130°C, glass cov- 
ered magnet wire is specially recom- 
mended for dry-core, air-cooled trans- 
formers, Class B rotating equipment. 


Rome Magnet Wire is fully de- 


scribed in this new catalog. Re- 
turn coupon below for your copy. 










It Costs Less to Buy the Best... Buy Rome Magnet Wire 


ROME CABLE CORP., Dept. EM-5, Rome, N. Y. 4 re) M s C A 34 i S 
oF 


Please send me the Rome Magnet Wire Catalog. 
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HIGH HEAT 


MICA PLATE 
for DOMESTIC ELECTRIC APPLIANCES 


e A composite, Inorganic-bonded highly-integrated mica insula'- 
ing material built-up from mica splittings, and approximating 
raw mica in all physical properties. 

Completely inorganic, odorless, and smokeless. 

High mechanical strength and integration. 

High dielectric strength. 

High durability and moisture resistance. 

Resistant to temperatures up to redness without change. 
Does not react chemically with resistor materials. 
Unaffected by oils or organic solvents. 

Available in large sheets or full-size punchings. 

Can be stamped cleanly to specified design. 

Engineering service available to help solve your insulating 
problems. Test samples and complete information on request. 


NEW ENGLAND MICA COMPANY 
Incorporated 
30 WOERD AVE., WALTHAM, MASSACHUSETT: 
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Of proven design, Roto-Cone vari- 
able speed devices can solve your 
speed-change problems by adding 
to the productivity, flexibility or 
saleability of your product. Exclu- 
sive rack and pinion arrangement 
provides equal lateral movement 
of both discs, therefore belt align- 
ment is constant. Unit is easy to 
install in any position. Roto-Cone 
drives include variable speed pul- 
leys, V-groove driven sheaves, 
——— V-belts and adjustable motor 
ases. 


Write for details or request the 
services of our speed control en- 
gineers. ee 


GERBING MANUFACTURING CORP. 


650-J W. Washington Blvd., Chicago 6, Ill. 
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tensile strength, 20 psi; elongation, 13 per cent; insulation 
resistance, 5 megohms min; dielectric strength, 1800 volts, 
Conforms easily to irregular contours and holds fast 
without the use of pressure or heat. Industrial Tape 
Corp., New Brunswick, N. J. 


FAIL-SAFE ELECTRIC-SPRING TIMER 


Combination synchronous motor and _ spring-driven 
timer is applicable to instruments for indi- 
cating and controlling. When current is interrupted, a 


hand-wound spring movement takes over instantly. Spring 


recording, 





movement rated at 24 hr; vertical slot indicates when re- 
winding is necessary. Interruption tests indicate a total 
time error of less than % sec a year in average use. To 
aid in starting the spring movement when power fails, 
magnets keep the spring-driven balance wheel under ten- 
sion while the electric power is in operation. Advanced 
Time Keeper, Inc., 1180 Raymond Blvd., Newark 2, N. J. 


HERMETICALLY SEALED PUMP 


Recirculating hermetically 
sealed pump (Model H-100) 
specifically designed for evap- 
orative coolers may also be 
used for coolant pumps, sump 
pumps, milk bottle- 
drink dispensers and display 
fountains. Operates equally 
well completely or partially 
submerged. Pump is powered 
by a %o-hp 3000-rpm motor 
and output varies from 210 
gph with a head of 1 ft to 50 
c gph at a head of 8 ft. Will 
perform in water of 1 in. depth or more. Motor operates 
from 110 to 120-volt 60 cycle. Thomas Beckett & Co., Inc., 
P.O. 2001 Willowbrook Road, Dallas 9, Texas. 


coolers, 





CHEMICAL MOTORS 

Specially designed for applications 
fumes and liquids are encountered, type CSP motors have 
frames, brackets, hoods and other exposed parts alkali- 
hot-water rinsed, then rinsed in chromic acid 
spray. After drying, they are sprayed with phenolic- 
alkyd enamel and baked. Additional protection is pro- 
vided by a coat of gray enamel and two to four baked 
dips of thermosetting varnish, followed by a final coat of 
gray lacquer. Motors use bronze split-hub, clamp-type 
blowers for corrosion resistance. Rotating neoprene 
slingers on the shafts between rear brackets and hoods are 
used to prevent the entrance of dirt or liquids into the 
bearing housings. Stator windings are double-dipped and 
baked in thermosetting varnish. All hardware is dipped 


where corrosive 


cleaned, 
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The tubes illustrated, and described in 
the adjoining columns, are a few of the 
more recent types designed by RCA engi- 
neers. Each represents a distinct advance- 
ment over previous comparable types... 
either by virtue of its improved perform- 
ance or its contribution to the simplifica- 
tion of circuit design. 

These tubes ... and other new RCA 
tubes like them ... provide wide design 
latitudes . . . aid in reducing equipment 
manufacturing costs. They can be used 
with confidence in new circuit designs. 

In the future, as in the past, the vast en- 
gineering resources of RCA will be 
directed toward the development of tubes 
best suited to meet the cost and per- 
formance requirements of equipment 
designers. 


“ 


The Fountainhead of Modern Tube Development is RCA 


DEVELOPED BY RCA eee 


symbols of RCA’s engineering leadership 


RCA-6CB6 Sharp-Cutoff Pentode. A mini- 
ature type, designed for use as an i-f amplifier 
operating at frequencies in the order of 40 Mc., 
or as an r-f amplifier in vhf television tuners. 
Its transconductance is 6200 micromhos. 


RCA-6CD6-G Horizontal-Defiection Ampli- 
fier. For 16GP4 systems, and for other 
similar wide angle systems, it makes possible 
the design of efficient horizontal-deflection 
circuits in which the plate voltage for the tube 
is supplied in part by the circuit and in part 
by the power supply. 


RCA-6S4 Vertical-Defiection Amplifier. A 
high-perveance miniature triode of the heater- 
cathode type. In suitable circuits it will deflect 
fully a 16GP4 or similar kinescopes having a 
deflection angle of 70 degrees and employing 
an anode voltage up to 14,000 volts. 


RCA-5879 Sharp-Cutoff Pentode. Of the 
9-pin miniature type, the 5879 is designed 


for a-f applications where reduced micro- 
phonics, noise, and hum are essential. It is 
especially useful in the input stages of medium- 
gain amplifiers. 


RCA-5675 “Pencil-Type” Triode for UHF. 
Employs double-ended coaxial-electrode 
structure, for use in grounded-grid circuits. 
As a local oscillator, it will deliver 475 milli- 
watts at 1700 Mc. and about 50 milliwatts 
at 3000 Mc. 


RCA-5794 Fixed-Tuned Oscillator Triode. 
Designed for Radiosonde Service, the 5794 
employs two resonators integral with the tube. 
The output resonator is tuned to 1680 Mc. 
by means of an adjusting screw. The useful 
power output is in the order of 500 milliwatts. 


For data on any of the tubes described above, 
write RCA, Commercial Engineering, Section 
E41R, Harrison, N. J. 


f C \\ RADIO CORPORATION of AMERICA 


sai 
4 \ 
ey ELECTRON TUBES 


HARRISON, M.J. 


MAY 1950 143 














































in slushing compound prior to assembly. Gasketed con- 
duit box can be rotated to meet installation requirements. 
Factory-sealed prelubricated-for-life bearings. Westing- 
house Electric Corp., P. O. Box 868, Pittsburgh 30. 


INSTRUMENT KNOBS 


Line of instrument knobs hold shafts with positive, non- 
scoring, non-burring grip. Fastening eliminates use of 
set screws pressing on the shaft, and provides a positive 
grip by exerting uniform pressure over the circumference 
of the shaft. Fluted knobs are compression-molded black 
phenolic. Brass bushing inserts are jig bored. Bushing 








LL through the summer—through hot, humid days 
and hot, humid nights—the biggest thief in America 
will be raiding your plant. Wherever steel is handled— 
where it is stamped and milled or machined or ground, 
where it is pickled or cleaned or assembled—RUST will 
be busy, robbing you of production, robbing youof profit. 


But you don’t have to put up with this thievery. Your 
Oakite Technical Service Representative can help you 
defeat RUST. He has methods and materials for: 
1. Removing rust and grease in one operation | 
2. Preventing rust while parts are being processed 


3. Cleaning and conditioning for painting in one operation 
with protection against rust before and after painting 





FREE For help in arresting RUST in your plant, 
write to Oakite Products, Inc., 18H Thames inserts in knobs are for use on either %- or %-in. shafts. 
St., New York 6, N. Y. Top of each knob is provided with a flat recessed section 


which can be engraved for identification. With the ex- 
ception of bar knob, all are provided with locking shoul- 
ders for accurate positioning of dial plates. Dial plates 

ay AKITE SPECIALIZED INDUSTRIAL CLEANING used with these knobs should have a l-in. diam center 
mm a. ee . MATERIALS » METHODS + SERVICE hole and may be attached by drilling and tapping three 


screw holes. Technology Instrument Corp., 1058 Main St., 
Waltham 54, Mass. 


GRC for specialized Facet ee A 
Tr , ~ riginally designed for calculators, high-speed rela 
SUT RC UCL Pes aaa cece eee 


| HHA operates on d-c at speeds from 6 to 8 millisec. Six 
| SPDT contacts are arranged side-by-side and make 28 
ra Low RS | different contact combinations possible. Contact pressure 
| of 28 to 35 gm per blade is supplied by a coiled beryllium 


Technical Service Representatives in Principal Cities of U. §. & Canada 


FULLY AUTOMATIC INSERTS 


1. INDIVIDUAL INSERTS 
Automatic insert feed per- 
mits wide variety of prod- 
uct possibilities. 


2. CONTINUOUS INSERTS 

Small members accurately 
spaced on tape, cord, wire, 
chain, etc. 


. INDIVIDUAL PARTS 
No limit on smaliness! Com- 
plete equipment for second- 
ary assembly operations avail- 
able. 


. SMALL ZINC 
DIE CASTINGS 
Fast, low cost. Quantities 
from 100,000 to millions. 


All Thermoplastics—NYLON a specialty 



































spring in the face of the core pressing against the back 
of the armature. Pin-jack connections to contacts are 
built in and mate with jacks on a mounting frame to 
which leads are soldered. Relay is plugged in and readily 
removable without breaking any soldered connections. 
Contacts are protected from dust and damage by glass 
cover set in phenolic frame of relay. Coils can be fur- 
nished for operation on 24 to 150 volts d-c; operating 
NO MINIMUM current is 0.057 amp at 110 volts for high-speed operation. 

Silver-alloy contacts will break l-amp inductive load at 


GRIES REPRODUCER 
CORP. 110 volts d-c when adjusted with 0.025-in. air gap be- 


108 Willow Avenue, New York 54, N. Y. tween contacts; 0.5 amp with 0.012-in. air gap; current- 



















Maximum size: 
03 oz.—114” 
long 









Write today for 
samples and prices 
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“No Zippo owner ever 
spent a cent for repairs” 
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That, in effect, is the unconditional guarantee which 
accompanies each of the many millions of lighters 
produced by the Zippo Manufacturing Company of 
Bradford, Pa. To make such a policy pay, returns for 
repairs must be held to a minimum. 

How does Zippo do it? First, the design of the 
lighter is excellent. Second, meticulous care is em- 
ployed in fabricating, assembly and finishing. And 


POCKET LIGHTER A and J, top and bottom of outside 
case, deep drawn from brass strip. B, nickel silver hinge and 
pin. C, solid brass cam rivet. D, tubular brass rivet for flint 
wheel. E, nickel silver inner shell and chimney. F, nickel silver 
top plate. G, brass flint follower. H, seamless brass flint tube. 
1, brass flint tube screw. 


TABLE LIGHTER K and P, special shape seamless brass 
tube for top and bottom outside case. L, brass top plate. M, 
brass chimney seal plate. N, special shape seamless brass 
tube, telescopic fit. O, die pressed brass forging. Chimney 
unit and its components are the same as the pocket lighter. 
Both lighters are finished in gleaming chromium plate. 
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third, let’s not overlook the fact that the Anaconda 
Copper Alloys used for the components illustrated 
were carefully specified for composition, grain size, 
form and temper. 


Moral: Your product will be worth more if it’s made 
of brass, even if it costs more. And very often the 
extra metal cost is offset by longer tool life and lower 
fabricating costs . . . in lower plating and polishing 
costs . . . in a longer, rustless, usually expense-free 
service life. We'll be glad to help you find out. Ad- 
dress The American Brass Company, Waterbury 20, 
Connecticut. In Canada, New Toronto, Ont. soe 


ANACONDA 


the name to remember in 


COPPER, BRASS & BRONZE 


145 





San aa 


specially engineered 


Hassall cold-headed fasteners 
can improve your products and 
save you money, even on short 
runs. Send us your specifications 
for your nails, rivets and screws 
. .. in diameters from 1/32” to 
3/8”...lengths up to 7”...in any 
workable metal ...in prac- 
tically any finish. Your inquiry 
will be handled promptly. 


Ask for free catalog. - 


JOHN HASSALL, INC. 


124 Clay Street + Brooklyn 22, N.Y. 


carrying capacity of contacts is 8 amp at 110 volts. Life 
is 1,000,000 operations min. Magnet cores, armatures and 
supporting U-frames are low-permeability nickel steel. 
The Autocall Co., Shelby, Ohio. 


PRESSURE-OPERATED SWITCHES 


For operation on circuits of 6-8 or 12 volts, pressure 
and vacuum switch is applicable to a wide range of indus- 
trial uses including indicating and actuating devices for 
fluid, air-pressure and vacuum systems. Switch is made 
for either NC or NO operation with pressure settings 


tobe wet oe 


from 0 to 50 psi; will withstand operating pressures up 
to 200 psi. Will withstand temperatures of 300 F and can 
be applied to systems using lubricating oil, air, brake 
fluid and fuel oils. Switch can be supplied with two insu- 
lated terminals or one terminal grounded. Fasco Indus- 
tries, Inc., 250 Davis St., Rochester 2, N. Y. 


FHP UNIVERSAL MOTOR 


Universal motor Model 1100, rated at %4o-hp inter- 
mittent duty and 445-hp continuous duty has a die-cast case 
and a dynamically balanced shaft. Can be equipped with 
manufacturer’s gear reduction units for low speeds and 
governor for constant speed. Speed ranges from 4000 to 
15,000 rpm full load. Windings for voltages from 6 to 230 
volts. Clockwise, counterclockwise or reversible shaft rota- 
tion. Housing either ventilated or enclosed; porous bronze 
sleeve bearings with felt oil reservoir, or grease-sealed ball 
bearings. Die-cast base can be used or tapped holes can be 
provided for end mounting. Shaft is %-in. diam and 1 in. 
long. Also shunt-wound motor available for d-c only; full 
load speeds from 1000 to 800 rpm. Electric Motor Corp.., 
Div. of Howard Industries, Inc., Racine Wis. 


CLEAR THERMOSETTING VARNISH 


Hard, fast-curing, clear thermosetting varnish D-7 de- 
veloped specifically for high-speed applications, particularly 
armatures. Supplier states that varnish completely cures 
in depth assuring thorough penetration and impregnation 
of unit treated. Fast-curing bake allows production on 
conveyor systems. Properties: Dielectric strength is 2000 
vpm dry, 700 vpm when wet; drying time is 15 min at 212 
F ; baking time 15 min at 300 F. Abrasion resistance is not 
affected by immersion in oil at 100 C for 48 hr or 24 hr 
in water; initial abrasion resistance is 450 gm. The Acme 
Wire Co., New Haven, Conn. 


BRONZE NEEDLE CLIP 


Solid-bronze needle clip makes quick electrical contact 
by piercing the insulation of the wires. Sharp needle in 
one jaw makes the connection eliminating the necessity 
of disconnecting the wire to make a test. Sturdy clip is 
non-corrosive and equipped with a brass-screw connection ; 
may be used with or without a rubber insulator. End of 
jaw is designed for solid contact on binding posts and 
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SLEEVE BEARING 





SLEEVE BEARING 


JOHNSON BRONZE 









DATA 


Sheet Metal Bearings-3 


Steel-Back 
Babbitt-Lined Bearings 


HIS TYPE of Sleeve Bearing is 

usually referred to as “‘lami- 
nated’’. This because two separate 
metals are firmly bonded together. 
In the automotive industry, the 
largest user, they are sometimes 
referred to as ‘‘Slip-in”’ bearings. 


The first step in the manufacturing 
process is the coating of the steel 
strip—S.A.E. 1010—with either tin- 
base or lead-base babbitt . . . as 
the application may require. This 
is a continuous process with exact 
temperature control and necessary 
precautions to prevent oxidation. 
Extreme care must be exercised in 
this operation in order to secure a 
perfect, durable and lasting bond 
of the two metals. Next, the strip 
is brought to the desired thickness. 
The balance of the manufacturing 
procedure is essentially the same as 
in other types of sheet metal bear- 
ings ... stamping, forming and fin- 
ishing to precise size. Steel and 
babbitt bearings are available in a 
wide range of sizes, plain or flanged, 
half bearings or cylindrical. Oil 
grooves, slots or holes can be incor- 
porated during stamping operation. 


Several standard thicknesses of 
steel are used, depending on the 
nature of the application. For ex- 
ample: .036, .050, .060, .070, .080, 
.090 and .100. In general applica- 
tions the thickness of the babbitt 
will run from .015 to .020. While on 
precision-type bearings it is held 
to .002 to .005. 
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The selection of the babbitt de- 
pends quite naturally on the bear- 
ing application. Lead-base babbitt 
is much more economical than tin- 
base and in certain alloys will pro- 
vide a higher load carrying ca- 
pacity. While tin-base is more ex- 
pensive it has better corrosion 
resistant properties and a higher 
fatigue strength. Both materials 
have performed very well in auto- 
motive, diesel and electric motor 
applications, with a slight prefer- 
ence for tin-base babbitt in main 
and connecting rod bearings. 


While steel-backed babbitt-lined 
bearings are best suited for light 
to moderate loads with high speed, 
there is a definite relation between 
the thickness of the babbitt and the 





load carrying capacity of the bear- 
ing. A babbitt thickness of .020 has 
a generally rated load capacity of 
1500 pounds per square inch where- 
as by holding the babbitt to .002 to 
.007 increases the capacity up to 
2000 pounds per square inch. This 
results in longer bearing life. 


When babbitt-lined bearings are 
used within the range of their load 
capacity they are generally con- 
sidered the best bearings available. 
They can be used with steel shafts 
of practically any hardness. It 
must be remembered, however, that 
as the hardness of the shaft in- 
creases, the resistance to wear in- 
creases. 


The method of installing steel and 
babbitt is practically the same as 
bronze and steel or bronze sheet 
metal. We recommend that they be 





line reamed or bored in assembly. 
Burnishing should be avoided if 
possible. 


Main bearings are usually produced 
on specially designed equipment to 
keep within a tolerance of .00025 
and .0005. This accuracy permits 
any two halves to make one com- 
plete bearing, thus simplifying in- 
stallation. 


Some of the most desirable qualities 
of steel and babbitt bearings are: 
1. Good wettability with lubricants. 


2. High corrosion resistance to most 
oils at operating temperatures. 


3. High embeddability. 
. Good conformability. 
5. Work well with soft shafts. 


as 


Engineering Service 


Johnson Bronze offers manufacturers of all types 
of equipment a complete engineering and metal- 
lurgical service. We can help you determine the 
exact type of bearing that will give you the greatest 
amount of service for the longest period of time. 
We can show you how to design your bearings so 
that they can be produced in the most economical 
manner. As we manufacture all types of Sleeve 
Bearings, we base all of our recommendations on 
facts free from prejudice. Why not take full advan- 
tage of this free service? 


This bearing data sheet is but one of a series. You can get 
the complete set by writing to— 


ce 


SLEEVE BEARING HEADQUARTERS 
570 S. MILL ST., NEW CASTLE, PA. 
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DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. - .add attraction—safety—service ? 


— what lamp fo use 
— how to use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 
Catalogue Number 521308 — 997 

for 110 or 220 volts. 
SAMPLES 
for design purpose 
NO CHARGE 


on 
— mith 
eek TL { 


WE ] Write for the 
« “HANDBOOK OF PILOT LIGHTS.” 
Write us on your design problems. 


Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N, Y. 


Have you tapped the rich 
CANADIAN ‘MARKET? 


Well known Canadian Manufacturer is 
looking for new products to make. 


Adequate plant facilities available in- 
clude machine, press and forge shops, 
non-ferrous foundry and hot dip gal- 
vanizing. 


Company has manufactured very di- 
versified line during more than 25 
years of successful business. Com- 
petent engineering and technical staff 
with laboratories are maintained. Na- 
tion wide sales organization well ac- 
quainted with large industrial and pub- 
lic utility accounts also available. 


Your enquiries are welcomed and will 
be treated confidentially. 


BOX 350 


ELECTRICAL MANUFACTURING 
1250 SIXTH AVENUE, NEW YORK 20, N. Y. 





terminals. Cadmium plated spring and needle. Length, 
2% in., jaw spread, % in., and spring tension of 12 Ib. 
Mueller Electric Co., 1583 E. 31st St., Cleveland 14, Ohio. 


SENSITIVE RELAY 

Available in either open or hermetically sealed types, 
Model SW sensitive relay has a SPDT sensitivity of 0.012 
watts d-c and a DPDT sensitivity of 0.05 watts d-c. Relay 
can be supplied for a-c. Coils are acetate insulated, bobbin 
or layer wound, 12,500 ohms max. Silver contacts are 
rated at 1 amp for non-inductive load at 24 volts d-c or 
115 volts a-c. Armature contact at frame potential. One- 


hole mounting with locating lug on open types; plug-in or 
solder terminals supplied for dust cover or sealed types. 
Open relay measures 1'%46x1%e6x15% in.; sealed, 
346 x 1142 x 11% in. Maximum input 4.0 watts at 20 C 
for 85 C rise. For special applications: sensitivities down 
to 0.003 watts SPDT or 0.012 watts DPDT. Palladium 
or other precious metal contacts for audio or low-voltage 
circuits, tungsten or alloy contacts for higher current 
or voltage applications. Allied Control Co., 2 East End 
Ave., New York 21. 


TAMPER-PROOF STROKE COUNTER 
Heavy-duty mechanical stroke counter, applicable to 
industrial applications such as punch presses, drill presses, 
milling machines and other production equipment, has 
built-in locking device to prevent tampering. Design in- 


corporates chromium-plated steel base and cover, light- 
weight black-phenolic number wheels with white numerals. 
Counters are made for top-arm-coming movement only; 
arm travel is 33 deg; either right or left arm. Dimensions: 
4¥, , x 3154, x 2% in. Production Instrument Co., 700-04 
W. Jackson Blvd., Chicago 6. 


ENCLOSED FAN-COOLED MOTOR 


Line of enclosed fan-cooled motors, Klosd-Tite Fan- 
Cooled, is available with face-mounted end bracket having 
NEMA style C dimensions in ratings from % to 30 hp. 
Obtainable in either footless or standard horizontal type 
with feet, or face-mounted motors for close-coupled pumps 
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DE-5-49 
BRANCH OFFICES: NEW YORK 17 


another €-D development... 


a strong, lightweight, LOW-COST tubing 
for your electrical applications 





Spiral Tubing—one of the many developments that have helped bring television 
into the mass market. Recently introduced by Continental-Diamond laboratories, 
it is ideal for electrical, radio, and television applications where a good dielectric 
tubing with high strength and lightweight is needed. It is available in a variety 
of sizes and grades to meet requirements for low moisture absorption, forming, 
riveting, drilling, tapping, etc. 

It is another example of why it pays to see C-D first in your search for the 
right plastic. C-D Plastics provide practical combinations of mechanical, elec- 
trical, and chemical properties—structural strength, lightweight, moisture, heat 
and corrosion resistance. For fast delivery, or help with material selection prob- 
lems, call your nearest C-D office, any time. 


CLEVELAND 14 e CHICAGO 11 e SPARTANBURG, S.C. e SALES OFFICES IN PRINCIPAL CITIES. 


WEST COAST REPRESENTATIVE: MARWOOD LTD., SAN FRANCISCO 3 e IN CANADA: DIAMOND STATE FIBRE CO. OF CANADA, LTD., TORONTO 8 


. ; 
{ PU LLL ee FIBRE COMPANY 


Established 1895 .. Manufacturers of Laminated Plastics since 1911—NEWARK 15 « DELAWARE 
Leen eee ener eee eee 
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All industry knows 
Yale Lift Trucks as 
rugged workers that 
cut costs, speed produc- 
tion, handle all kinds 
of materials in volume 
—faster, safer, more 
efficiently. 

Important contrib- 
utors to their efficiency 
are the rugged ball 
thrust bearings in the 
trailing axle and wheel 
assembly—bearings 
specially designed to 
























































































meet the high load 
Capacity, precision 
smoothness and long, 
trouble-free performance required in this tough application 
~bearings which Aetna has proudly supplied for over 
415 years. 

Improved performance, longer life and minimized mainte- 
mance are advantages which come to any hard working 
equipment when Aetna bearings lend a hand. Our engineers 
are ready and willing to work with you at any time. 


AETNA BALL AND ROLLER BEARING COMPANY 


4600 SCHUBERT AVENUE - CHICAGO 39, ILLINOIS 












































or blowers and designed-in applications. Forced-dratt 
ventilation provides adequate cooling. Style C face- 
mounted motor incorporates labyrinth seals on shaft ends, 
assuring protection against entry of liquids into the bear- 
ing housings. Bearings are lubricated for life. Sterling 
Electric Motors, Inc., Los Angeles 22. 


ADJUSTABLE-DIAMETER V-BELT SHEAVE 


Double-taper adjustable-diameter V-belt sheave has 
flanges mounted on a tapered bushing and sleeve that 
adapts the sheave to any shaft size and also assures posi- 
tive clamping action on the shaft. When bushing is pulled 
in tight to lock it on the shaft, wedging action expands 
the taper sleeve against flanges making the entire unit a 


single “solid” sheave. Since clearances are negligible 


when sheave is locked and operating, there is no peening 
or fretting of metal parts. Corrosion and freezing of the 
flanges to the hub and vibration are eliminated. Simul- 
taneous movement of all flanges, when settings are 
changed, maintains V-belt alignment. Sheave is avail- 
able for most standard and wide-range adjustable-diameter 
drives. The American Pulley Company, 4200 Wissa- 
hickon Ave., Philadelphia. 


REVERSIBLE TANDEM MOTOR 

lor wire recorders, vending machines, measuring instru- 
ments, and positioning mechanisms requiring a reversible 
motor, reversible tandem motor (DYNAB) has high 
torque and good speed-torque characteristics. Maximum 
output 0.004 or 0.006 hp. Centerless ground stainless 















steel shaft is supported in  wick-lubricated bearings. 
Motor mounting base is a zine die casting and field-coil 
spool is phenolic. Standard motors are wound for 120- 
volt, 60 cycles, but can be supplied for any voltage from 
6 to 230 volts, 20 to 60 cycles. Shaft diam is either 
50 or ‘46 in.; various extensions, front or rear. Barber- 


Colman Co., Rockford, Ill. 


LOOM SWITCH 


Pushbutton-operated loom switch for textile machinery 
has a comparatively small drawn-steel case and cover with 
a welded steel mounting pedestal. Enclosure has a close 
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You cannot compare the relative 
differences of the stars with the 
naked eye. So, too, with competi- 
tive products. Externally they may 
appear similar, yet one far outsells 
the other because of efficient, long- 
term performance. The motor you 
select, can give or deprive your 
equipment of an important sales 
advantage. 


Knowing that the reputation of its 
motors is mirrored in the products 


Emerson-Electric 
Motors 
for Exacting 
Service 


they power, Emerson-Electric con- 
tinues its 60-year policy of ex- 
haustive research, scientific design 
engineering and precision pro- 
duction. Result, scores of America’s 
best known products are Emerson- 
Electric Motor equipped. 


Get the facts. If you have motor 
requirements in the 1/20 to 5 h.p. 
range, Emerson-Electric Motors 
deserve your investigation. Your 
inquiry is invited. 


THE EMERSON ELECTRIC MFG. CO. 
ST. LOUIS 21, MO. 
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— to answer your problems of 
control and transfer switching 


IN THESE PAGES — 


‘with complete and up-to-date applica- 
se ‘tion data, circuit diagrams, dimension 
: os data, and mounting means, this 12-page 
Cec ee oe boo gives a detailed description of 
‘the electrical structure and _ operating 
mechanism of the versatile ESCO type 
_<- P multipole, rotary snap switch. 


NDARD SWITCH 
FOR A SPECIAL JOB 


finite variety of contact arrange- 
and the unlimited diversity of its 
tions are graphically analyzed 
show how a type P switch can be 
to meet your particular circuit 
requirements. 


HESE 
CIAL ADVANTAGES — 


tings — 10-200 amps., 125-500 v. 
@ High interrupting 
' Capacity 



















®@ Any number of poles e Sin- 
ouble, triple, and four-throw 
-speed, snap-action make and 
, entirely enclosed ¢ Dead-front 
installation @Minimum mount- 








Fill out 
and 
MAIL TODAY 


ELECTRO SWITCH 


CORPORATION 
Avenue, Weymouth 88, Mass. 


fitting cover to protect against lint and dust I 
make, quick-break operating mechanism is built on a steel 
framework to insure proper alignment of Operating 


Ositive. 


a . . ° ‘a ar C 
Contacts are accessible for quick inspection and oan = 
newal. Overload protection is provided by a cumin 
- e 1c- 


element overload mechanism. Entire mechanism is mount 

on a steel base plate which floats in live-rubber eat 
bushings to minimize the effect of heavy vibration. Deas 
for polyphase motors up to 2 hp, 220 to 660 volts. Come 
Hammer, Inc., 315 N. 12th St., Milwaukee 1, Wis. “3 


FLANGE-MOUNTED BEARING 


Designed primarily for light-duty slow-speed anti-friction 
bearing applications, Flangette is a simple arrangement of 
two pressed-steel stampings to form an inexpensive flanged 
housing enclosing a standard self-aligning wide inner-rin 
ball bearing. Lightweight, low cost, factory sealed-in 


lubrication and ease of installation are listed as advantages 
ages 





of this complete ball-bearing power-transmission unit, 
Available for shafts in 18 sizes ranging from % to 2346 
in. While developed primarily for the agricultural imple- 
ment field, it is expected to find uses in such lines as 
light duty conveyors, dryers, tumbling barrels, food mixing 
equipment and many others. The Fafnir Bearing Co, 
New Britain, Conn. 


MAGNET WIRE ENAMEL 


A linear-polyester magnet wire enamel XLN_ meets 
NEMA tests for vinyl-acetal coatings, can be applied 
without dies, retains flexibility at 257 F, has good abra- 
sion and solvent resistance according to manufacturer. 
Enamel shows no cracks when bent around its own diam- 
eter, stretched 20 per cent and then bent around 3X diam 
or stretched to breaking point and bent around its own 
diam. In the abrasion test MW-24-25, coating with- 
stands 70 scrapes per mil. After exposure to 275 F for 
1 hr in heat-shock test MW-24-30 there are no cracks 
and enamel withstands 21 days at 275 F in heat-aging test 
MW-24-35. Twist dielectric strength is 2000 volts per 
mil when measured under the conditions specified in test 
MW-24-50. Solids is 38 per cent as supplied, and for 
application should be thinned to reduce solids content 
to between 15 and 25 per cent. Baking temperatures of 
550 to 650 F are advised but heats of 400 to 750 F can be 
used. Material should be applied by the dip method using 
6 dips for heavy coat. Standard Varnish Works, 2600 
Richmond Terrace, Staten Island 3, N. Y. 


HIGH FREQUENCY ALTERNATORS 


Single- or three-phase homopolar inductor-alternatot 
with electronic exciter-regulator provides a voltage regu 
lation of +1 per cent and is equipped with a low-slip 
induction motor component to keep frequency within +% 
per cent. Can be used as a power supply for electronic 
gear, such as radar, X-ray, calculators, induction heat 
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Engineering knowledge, tooling, and production 
know-how, coupled with the most modern 
equipment available, are what it takes to pro- 
duce quality parts made from metal powders— 
and Moraine has all these in full measure. 
Naturally, we seek your order, provided we 
are convinced that the metal powder process 
will work to your advantage—in lowered costs 
and better performance. 


Ask Moraine whether parts you are using can 
advantageously be produced by powder metal- 
lurgy. We'll gladly accept your order— 


t the shape of the part permits good die 
fill and correct density ... 


t its required physical properties and 
tolerances can be obtained by our 
normal production methods . .. and 


tt it is to be made in quantities sufficient 
to justify tooling costs, set-up, and 
equipment loading. 


Those are the three big IF’s . .. and here’s 
another just as important: IF we accept your 
order, you can be sure, in advance of delivery, 
that Moraine parts will justify your interest 
and may reduce your manufacturing costs. 


MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS 
DAYTON, OHIO 
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BRISTOL 





Synchronous Timing Motors are: 


Bristo! Motors deliver higher torque. 
200 series, 2 watt, 6 in. ounces at 1 rpm, 24, 110, 120 volts, 
SO and 60 cycles. 
400 series, 4 watt, 10 in. ounces at 1 rpm, 24, 110, 120 volts, 
SO and 60 cycles. 


Speed Range: 1 rph to 60 rpm 


Clockwise or counterclockwise rotation as 
output: shafts available. Be sure to see the 
customer service 


ified. Various 
« For complete 


Write 


BRISTOL MOTOR CO. 
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© Mars Lumograph 
America’sONLY 


Imported Drawing Pencil 
COSTS LESS BECAUSE 
IT LASTS LONGER 







Everything you want in a drawing pencil is 
in Mars Lumograph. It gives you the precise 
thickness and blackness of line you need for 
crisper, cleaner prints. 

PROVE BY TRYING 
Accurately graded in 19 degrees from EXEXB 
te 9H--now packaged in metal boxes. If your 
dealer cannot supply you, write us. 

Send coupon today for FREE sample. 


3 S.STAEOTLER Inc. 
$3 wOaTH STREET mEW YORK 65, N.Y. 


4. S$. STAEDTLER, INC. E 
53 Worth Street, New York 13, N. Y: 


Send me FREE Mars Lumograph Drawing Pencil 
(___ Degree) 
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ing, motor drives on high-speed machine tools and inst 

ments. Alternator is available in sizes up to 10 be oe 
frequencies up to 1500 cycles. Supplied either ian 
lated, or water-cooled for dusty or hazardous lochdiees 
Machine is self-excited through high-vacuum rectificns 
American Electric Motors, Inc., 4811 Telegraph Rd r 
Angeles 22. 7 


SILICONE-RUBBER SPONGE 


For use as a vibration dampener at extreme temperatures 
from —100 to 500 F in fairing strips, seals and gaskets 
Silicone-rubber sponge, Cohrlastic, has a density of 25 to 
35 cu in. per Ib. Cell size of the sponge is more uniform 
than earlier forms and the material has improved tensile, 





elongation, tear strength and abrasion resistance properties, 
Material is available from stock in sheets 46, % and Y 
in, thick. Also available in custom molded parts and 
extrusions. Connecticut Hard Rubber Co., 407 East St, 
New Haven 9, Conn. 


DOOR INTERLOCK SWITCH 


Small interlock switch assembly for automatically switch- 
ing off the power circuit when door is opened assures posi- 
tive safety to personnel who service or inspect high-fre- 
quency radio, radar, X-ray, television, induction heating and 
other electronic control equipment. Interlock unit consists 





of a combination mounting bracket, rod actuator, and a 
roller-lever actuated snap-action precision switch. Switch 
assembly has SPDT circuit arrangement, with electrical 
rating of 10 amp 110-220 volt a-c; and 10 amp 28 volt 4-c, 
non-inductive load; 6 amp 28 volt d-c inductive. Complete 
unit measures 1% in. long, by *34 in. deep, by 1%e in. high. 
Assembly illustrated is No. 2AC1; No. 3AC1 differs only 
in design of mounting bracket and solder terminals instead 
of screw terminals. Micro Switch, Freeport, III. 


SCREW-PLUG IMMERSION HEATER 


Thermostatically-controlled screw-plug immersion heat- 
ers for heating tar, paraffin, asphalt, solvents and other 
viscous and corrosive liquids have ™%-in. diam tubular 
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His new De Luxe Gem Feather Weight Razor is 
NE packed with value. To keep production costs in line 
with its low retail price, American Safety Razor Cor- 
poration made extensive use of Koppers Perfected Poly- 
styrene. 


THE HANDLE is molded from Koppers Polystyrene 
8X. High heat distortion temperature . . . fast, easy 
moldability . . . light weight (the entire razor weighs 
only an ounce) made Polystyrene 8X the ideal ma- 
terial for this application. 

THE CASE is molded from Koppers Polystyrene 3X. 
The transparent, hinged cover—made of crystal- 
clear, jewel-like Polystyrene 3X—displays the 
product perfectly. The case proper is a lasting, 
stable red—no weak, limpid coloration. It can’t 
rust, corrode or deteriorate. 


Koppers experience in molding techniques and the 
assistance of Koppers technical experts played an im- 
portant part, too, in solving production problems and 
developing a perfect molded project. 

You, too, can take advantage of the lower material 
costs, lower molding costs and improved product ap- 
pearance that result from using Koppers Perfected Poly- 
styrenes. Mail the coupon below for a copy of “Koppers 
1950 Polystyrenes.” 


KOPPERS COMPANY, INC. 


Chemical Division Pittsburgh 19, Pa. 


Regional Offices: New York, Boston, Philadelphia, Chicago, 
Detroit and Los Angeles = 
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To shave production costs 
GEM used Koppers Polystyrene 





» 


The De Luxe Feather Weight 
Gem Razor is a feature of 
SN Gem’s 50th anniversary sale. 
Plastics molder: American 
Safety Razor Corporation, 

Brooklyn, N. Y. 


KOPPERS POLYSTYRENE 
gives you all these advantages 


Low cost 

Light weight—more pieces per pound 
Excellent dimensional stability 
Excellent electrical properties 

High heat distortion temperature 

Good chemical and moisture resistance 
Tasteless and odorless 

Unlimited color range 





Koppers Company, Inc. 
Pittsburgh 19, Pa. 
Chemical Division, Dept. EM-5 


Please send your booklet on Koppers 1950 Polystyrenes. 





HOW TO AVOID 
PRODUCT FAILURE 


The failure of a soldered joint 
can mean failure of your prod- 
uct... costly repairs... customer 
dissatisfaction. 


It pays to buy the best solder to insure satisfac- 
tory soldering work in your operations . . . and 


that’s FEDERATED SOLDER! 
Federated Acid Core and Solid Wire solders are 


made to rigid specifications . . . . alloyed scientifi- 
cally under the control of skilled metallurgists. 
Listed by Underwriters’ Laborato- 

ries, Inc. For prompt attention 

on orders or service call or 

write any of Federated’s 25 

sales offices across the nation. 


Seda Thials Dwiwon 
AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway, New York 5, N.Y 
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9115 GEORGE AVENUE CLEVELAND 5, OHIO 


MATa 


CARBON 
SPURT SS 


hairpin elements welded or silver-soldered to a standard 
2- or 2%-in. screw-plug with pipe threads for easy mount. 
ing in pipes and walls of tanks. Built-in adjustable ther. 
mostat has a temperature range of either 60 to 250 F ol 
220 to 550 F. Heaters are rated from 1.5 to 10 kw for 
115- or 230-volt single- or three-phase operation, Stand. 
ard heaters are fabricated either of copper elements with a 
brass screw-plug or steel elements with steel screw-plug, | 
Edwin L. Wiegand Co., 7530 Thomas Blvd., Pittsburgh @ | 


BAYONET-LOCKING SOCKETS 


For 115-volt operation, sockets have candelabra bayonet 
sockets instead of screw type fixtures. Sockets and lamps 
rated at 10 watts can be used as warning lamps and cop. 
trol signals in appliances and other equipment. Quick 


assembly and elimination of wax seal between lamp and 
socket permits lower production costs. A special adapta- 
tion for vending-machine field has tamper-proof jewels 
and any desired lettering under the glass. Drake Mfg, 
Co., 1711 W. Hubbard St., Chicago 22. 


ELECTRIC TACHOMETER 


With flush mounting indicator, electric tachometer 
Model 12-M is a 12-pole permanent-magnet generator for 
continuous operation at speeds up to 10,000 rpm. Inde 
cator has a 5%-in. diam case with a 8.7-in. scale length; 
Accuracy is within 2 per cent of full-scale deflection: 


Standard scales are calibrated in rpm, but special scales 
are available for fpm, gpm, impressions per hour or any 
other unit of speed. Generator is available with base, 
flange or SAE mounting. The Chicago Electric Tach- 
ometer Co., Madison, Ohio. 


HEAT AND CORROSION RESISTANT WIRE 


Nickel-clad copper wire (Kulgrid) provides good elec- 
trical conductivity combined with heat and corrosion te 
sistance. Stranded conductors of this wire can be used as 
electrical leads in aircraft, electric furnaces, electric appli- 
ances, jet engines, and laboratory and industrial equipment 
where high temperatures or corrosive atmospheres. tend 
to make solid copper conductors brittle and unreliable. 
Single strands are particularly applicable for lead wires im 
hard glass, as in the processing of high wattage cat 
descent lamps and electron tubes. Diameter of wire ™ 
present production ranges from 0.010 to 0.005 in. A uml 
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“Now...we get 
photographic 
intermediates 





quickly, 
economically” 


reports 
THE HEALD MACHINE COMPANY 





A section of the engineering department —The Heald Machine Company, Worcester, Mass. 


Since 1947 the production of pho- 
tographic intermediates has been 
easier, faster, more economical for 
The Heald Machine Co. Thanks to 
Kodagraph Autopositive Paper. 

With this revolutionary, low-cost 
intermediate material, positive pho- 
tographic copies of original draw- 
ings are produced directly —without 
a negative step. 

Furthermore, Heald uses its direct- 
process machine for the exposure op- 
eration; standard photographic solu- 
tions for development. And there’s 
this convenience, too: darkroom 
handling is a thing of the past! Both 
operations are performed under or- 
dinary room light. 

How “Autopositive” is used: 
A large percentage of the precision 








finishing machines manufactured by 
Heald are specially engineered to 
customer-specifications. And, fre- 
quently, Heald is requested to draw 
special units and fixtures on the cus- 
tomer’s own drafting paper. These 
originals are reproduced on “Auto- 
positive” (for Heald’s record) and 
turned over to the customer when 
the job is completed. 


Thus, when repair parts are re- 
quested or a duplicate order is 
entered, shop prints can be made 
promptly from the Autopositives. 
These new intermediates have dense 
photographic black lines on an evenly 
translucent base . . . will not smudge 
or smear in print production . . . turn 
out sharp, clean prints at uniform, 
practical machine speeds. 


Kodagraph Autopositive Paper 


“THE BIG NEW PLUS” in engineering drawing reproduction 


@ It enables you, or your blueprinter, 
to produce positive photographic inter- 
mediates directly . . . at a new low cost. 


@ It preserves valuable original draw- 
ings... cuts redrafting costs. 


@ It restores old, soiled drawings... 
gives you cleaner, sharper prints. 


@ It gives you “photo-lasting” file cop- 
ies, which will not curl, turn yellow, or 
otherwise deteriorate. 

A new illustrated booklet, ‘‘Modern 
Document and Drawing Reproduction,” 
gives all the facts on this revolutionary 
photographic intermediate material. It’s 
free. Just mail the coupon. 








Rochester 4, N. Y. 


EASTMAN KODAK COMPANY 68 
Industrial Photographic Division 


Please mail a free copy of “Modern Document and Drawing 
Reproduction”—your new booklet on Kodagraph Autopositive Paper. 
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FRACTIONAL FRAME SIZES 
IN STANDARD OR 
SPECIAL* DESIGNS! 


56 Frame 


% Motors shown 
have special 
adapter, special 
shaft. Eccentricity 
of machined face 
with respect to 
shaft held to very 
close tolerance by 
taking qualifying 
cut after motor is 
completely assem- 


bled 


66 Frame 


GRAHAM TRANSMISSIONS INC. setected this 


complete line to motorize its widely-used vari- 
able speed transmissions. Starting with one 
frame size only, Graham has been a steady user 
of Doerr motors for many years. 

Many other leading machinery builders con- 
tinue to place their confidence in Electro 
Machines products and service as proved by the 
high percentage of repeat orders. 


if you have a particular motor problem please let us hear from you. 


NORTH THIRD STREET 
FROM 1/20 CEDARBURG, WISCONSIN 


ELECTRO 


MACHINES, INC. 
Standard or De- 
signed to Your 
Specifications 


158 


form ratio of nickel-to-copper is maintained with a Series 
of cold drawing operations; nickel cladding ranges from 
27 to 29 per cent. Parts Div., Sylvania Electric Produets 
Inc., Warren, Pa. 


BOX CONNECTORS 


For connecting electrical cables to device or outlet boxes 
box connectors for both metallic- and non-metallic-sheathed 
cable are of heavy-gage cadmium-plated stamped steel] 
Connector BX375 for metallic-sheathed cable has a cable. 
engaging screw for securing cable and a protective wire. 
entryway. Other connector for non-metallic-sheathed cable 
has conventional two-screw clamp for securing cable. Both 
connectors are UL approved. Buchanan Electrical Prog. 
ucts Corp., 1290 Central Ave., Hillside, N. J. 


GLASS-BONDED MICA TUBE SOCKETS 


Miniature 9-pin tube socket made of glass-bonded mica 
has been added to manufacturers’ line. Sockets are injec- 
tion molded to close dimensional tolerances in accordance 
with RMA standards. Mycalex Tube Socket Corp, 39 
Rockefeller Plaza, N. Y. 20. 


SOLENOID VALVES 


Line of solenoid valves, especially designed for hard-to. 
handle liquids and gases have hand-wound moisture-proof 
oversized solenoids. Valve bodies are of corrosion-resistant 
metal and are bolted to the bonnet. Valve stems and disks 
of stainless are in one piece. Hermetically sealed plunger 
tube is also corrosion resistant. Valve remains in the open 
position until the current is cut off; units are mounted 
vertically, with the solenoid on top. Power supply can be 
any a-c or d-c voltage. Charles Engelhard, Inc., 850 
Passaic Ave., East Newark, N. J. 


ELECTRIC HEATING ELEMENTS 


Standard-size heating-element racks can be arranged hor- 
izontally or vertically in all types of equipment; with rat- 
ings from 1.5 to 300 kw. Construction comprises folded and 
formed continuous-ribbon type elements placed in high-tem- 
perature refractory porcelain supported on steel or stainless 
steel frames 12 in. square. Racks are drilled for mounting, 
Kettles, autoclaves, plating tanks, core and armature bake 
ovens, air heaters, grills, dryers, melting pots, salt baths, 
glass and wire annealing and air conditioning equipment are 
typical of many applications. Trent, Inc., 5001 Wilde St, 
Philadelphia 27. 


STAND-OFF CAPACITOR 


Metal-clad stand-off capacitor, style MCS, has a capacity 
of 1500 mmf + 500 mmf and is a quick-mounting type 
with a solid axial terminal. Ceramic tube is enclosed in 
a cadmium-plated metal case with a specially developed 
end-seal for protection against humidity and temperature 
changes. Electrical Reactance Corp., Franklinville, N. Y. 


HIGH-CAPACITY V-BELTS 


Multiple V-belts in standard sections and lengths trans- 
mit 40 per cent more horsepower than manufacturer's 
former belts of comparable size. Belt is also available 
for use where dissipation of static electricity is essential. 
The B. F. Goodrich Co., Akron, Ohio. 


CAPACITOR END FILL 
For sealing oil, wax and electrolytic paper-tube capac- 
itors, filler 1766 EX is a brown resin-base thermoplastie 
containing a mineral filler. Compound has good adhesion 
and designed specifically for application to wax-impreg- 
(Continued on page 162) 
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LITERATU RE ... Yours for the Asking 





Clip card on dotted line—fill in and mail. Only those requests will be processed thet 
originate with readers of record or their associates to whom issues may have been routed. 


41. SYNTHETIC RUBBER PARTS 


Typical molded synthetic-rubber me- 
chanical parts that manufacturer is pro- 
ducing are illustrated in 36-page catalog. 
Information included on types of synthetic 
rubber, compounding, molding, molds, in- 
spection, trimming and laboratory facil- 
ities. Allis Rubber Corp. 


42. IRON POWDERS 


Chemical composition, particle size, 
electromagnetic constants, and formulas 
frequently used in connection with iron 
powders are given in 16-page catalog, 
“Carbonyl Iron Powders.” Photomicro- 
graphs and many curves illustrate book- 
let. General Aniline & Film Corp. 


43. BRONZE BUSHINGS 


Sizes of stock bushing from %¢-in. ID 
and %¢-in. OD to 4-in. ID and 4¥a-in. OD 
with lengths from ¥% to 9% in. are listed 
in 12-page catalog No. 100. Also listed 
are babbitt metal, solid and bored bronze 
bars. Randall Graphite Bearings, Inc. 


44, ELECTRIC HEATING UNITS 


Six-page bulletin No. D49 gives infor- 
mation concerning open and cast-in heat- 
ing elements for commercial, industrial 
and domestic use. Tube units range from 
0.250 to 0.750-in. diam, lengths up to 
240 in., specified shapes, and practically 
any sheath. Thermel, Inc. 


45. STEEL CASTINGS 

Booklet describes a series of carbon 
and alloy steels for castings that fulfill 
the range of requirements of present 
standard commercial specifications. Metals 
vary from normal carbon alloys through 
chromium and molybdenum alloy steels. 
Booklet contains 16 pages and serves as 
a guide in selection as well as source of 
data on characteristics, and physical 
properties. Dodge Steel Co. 


46. LINEAR ACTUATOR 


Four-page bulletin describes improved 
model of electrically operated 26-volt 
linear actuator, Lineator. Applications, 
design features, performance and dimen- 


sional data are included. Airborne Acces- 
sories Corp, 


47, PYROMETER INDICATORS 


Line of multiple point pyrometer indi- 
cators are described in this 4-page cata- 
log section 25. Scale ranges from —300 
to 2300 F. Standard pyrometer and pan- 
els furnished with one to six jack con- 
nections. Thermo Electric Co. 


48. ALLOY STEELS 


Engineering data on two heat treated 
alloy steels, Rycrome and Nikrome “M,” 


for heavy duty applications are given in 
4-page folder. One is a chromium-molyb- 
denum alloy steel and the other a chro- 
mium-nickel-molybdenum alloy steel. Jo- 
sep T. Ryerson & Son, Inc. 


49. CONTROL CABLE 


Small diameter 600-volt control cable, 
Rockbestos PNR, is described in 4-page 
folder. Cable is available with 1 to 12 
conductors of either No. 12 AWG-19/25 
or No. 9 AWG-19/22. Primary insulation 
is nylon extruded over polyethylene; the 
external jacket is Rockhide. Rockbestos 
Products Corp. 


50. METAL CLEANING METHODS 


Illustrated 44-page booklet reviews 
metal cleaning in all its phases. In- 
cluded are: tank and machine cleaning; 
electrocleaning of steel, brass and other 
non-ferrous materials; pickling, deoxidiz- 
ing; bright dipping; pre-paint cleaning 
and surface preparation by machine, tank 
and manual methods; steam detergent 


and barrel cleaning; burnishing. Oakite 
Products, Inc. 


51. SERVO ACTUATORS 


Brochure B-102 of 8 pages describes 
Model 118 Series servo actuators readily 
adaptable to control or servo problem. 
Also included is information about manu- 
facturer’s magnetic powder clutches, Mag- 
nadrive. Lear, Inc. 


52. CAPACITORS, RESISTORS, CHOKE 
COILS, TRIMMERS 


For TV, radio equipment and other 
electronic devices, 32-page catalog called 
Datalog, contains manufacturer’s line of 
capacitors, trimmers, resistors and choke 
coils. Included are tubular ceramic, by- 
pass coupling, temperature compensating, 
feed-thru, stand-off, high voltage, plate 
and disk capacitors, ceramic trimmers, 
diode filters, wire-wound resistors and 
choke coils. In addition, catalog contains 
helpful technical data arranged for quick 
reference. Many multi-colored graphs. 
Electrical Reactance Corp. 
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53. CIRCUIT BREAKERS 


Eight-page illustrated folder (3100) cov- 
ers development, production, and advan- 
tages of non-thermal fully magnetic pan- 
elboard circuit breakers. Graphs, sche- 
matic diagrams, drawings, cut-away 
views, applications and operation given. 
Heinemann Electric Co. 


54. CONTROL DEVICES 


Temperature, flow, pressure, liquid 
level and humidity control devices for 
industrial use are presented in 64-page 
catalog $303. Over 100 different models 
on non-indicating electric, electronic and 
pneumatic controllers. Minneapolis- 
Honeywell Regulator Co. 


55. SMALL LOT STAMPINGS 


Type of stampings manufacturer is 
prepared to make are described in this 
16-page booklet. Facilities illustrated. 
Max blank size, 22 x 22 in.; max blank 
thickness, 4% in.; max blanking pressure, 
300 tons. Dayton Rogers Mfg. Co. 


56. HEATING ELEMENTS 

Electric heating elements and thermo- 
stats for water heaters are described in 
6-page folder, HE-23. Elements have 
pressure-type wire connectors, flat phe- 
nolic terminal blocks, welded terminal 


ELEcTRICAL MANUFACTURING 
THE GAGE PUBLISHING COMPANY :— 


plates and water-tight flanges. Thermo- 
stats are of the clamp-on type. Cutler- 
Hammer, Inc. 


57. FRICTION, RUBBER TAPES 


Six-page folder includes complete in- 
formation on manufacturers’ line of fric- 
tion, rubber, speed splice and blue tapes. 
Feet per roll and method of packaging 
given for each type. Accurate Mfg. Co. 


58. ELECTRONIC HARDWARE 


Sockets, indicator lamps and fuses, 
terminal boards, jacks and plugs, grid 
caps, sockets, connectors and cables are 
described and illustrated in 4-page bul- 
letin, “What’s New at Alden’s.” Alden 
Products Co. 


59. SYNCHRONOUS MOTORS 


Illustrated 8-page bulletin GEA-5426 
lists high speed synchronous motors and 
their applications. Covered are 2- and 
3-phase motors in ratings from 20 to 
1500 hp at 60 cycle; speeds of 1800 rpm 
as well as proportional hp ratings for 
speeds through 514 rpm. General Elec- 
tric Co. 


60. ELECTRICAL CONTACTS 


Consisting of a silver facing individ- 
ually bonded to stcel backing for pro- 
jection welding to contact supports, line 
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of Steelback electrical contacts js listed 


and illustrated in circular 59 Gibson 
Electric Co. . 


61. SELENIUM RECTIFIERS 


Four-page pamphlet No. 59 covers de. 
sign, application and servicing of 
nium rectifiers. Also included are com. 
plete descriptions and test Procedures, 
Radio Receptor Co., Inc, 


62. ADJUSTABLE-SPEED DRIVES 


Speed ranges to 100:1 with s 

lation to 0.5 per cent are a —— 
with the adjustable-speed drive, 
mo-trol, described in 20-page bulletin 
GEA-5337. Applications and units are 
illustrated and charts give dimensions 
and specifications of components, Genergl 
Electric Co. 


63. INDUSTRIAL RADIOGRAPHY 


Materials and films for industrial a. 
diography with X-ray equipment are de. 
scribed in 16-page catalog Fi-3. Infor. 
mation on speeds and contrast of differ. 
ent film emulsions provided in 
selection chart. X-Ray Div. Eastman 
Kodak Co. . 


64. SOLDERLESS TERMINALS 


Four-page bulletin “Noise Level Study 
of Amp Solderless Terminals in Ampli- 
fied Circuits” gives substantiating data 
showing the unlikelihood that metal-to- 
metal contact as it exists in crimped 
solderless connections would 
noise. Aircraft-Marine Products, Inc, 


65. SPEED REDUCERS 


Vertical worm-gear speed reducers are 
described and illustrated in 8-page bul- 
letin 125. Dimension, thrust load and 
overhung load capacity curves given, 
Construction shown with cut-away views, 
The Cleveland Worm & Gear Co, 


66. CAST SPROCKETS 

Stock-size cast chain sprockets are 
listed in this 16-page bulletin No. 49-30, 
Dimensions, specifications, list prices, and 
sprocket style are included. Rules for 
selection, alignment and care of sprockets 
given. Chain Belt Co. 


67. SELF-LUBRICATING BUSHINGS 
Engineering data concerning the de 
sign of bearings from graphite or car- 
bon-graphite in solid form is given in 
8-page catalog, Graphalloy. Advantages, 
grades and physical characteristics ia 
cluded. Graphite Metallizing Corp. 


68. LOCKING PINS 

Principle, features, specifications, and 
standard and special types of fluted lock- 
ing pins are contained in 16-page catalog. 
Illustrations show typical applications. 
Driv-Lok Pin Co. 


69. SOLDER PREFORMS . 

Four-page bulletin, “How to Speed Up 
Soldered Assemblies with Solder Pre- 
forms,” tells how to use these special 
solder shapes. Illustrated chart shows 
applications in diverse fields. Soldering 
Specialties. 
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A ir-Cooled, Dry-Type Transformers 
are built by Sorgel Electric Company, Mil- 
waukee, to meet the increasing demand for 





Core and coil assembly of a Sorgel 1500 kva., 3 phase, 12,500 


volt air-cooled transformer ready for mounting in the steel large distribution transformers that can’ be 
enclosure of a unit sub-station. Coils are disc type, separated installed inside buildings as unit sub-stations 
and supported by steatite spacers. It is built to operate at without construction of fireproof vaults. 
temperatures up to 80°C. above normal ambient. Natvar 

Varnished Fiberglas and Varnished Fiberglas Sleeving are used Transformers are housed in compact steel en- 
to insulate coils and leads. Natvar Varnished Fiberglas Tape closures together with the necessary switches, 
is used for extra end turn insulation. meters and circuit breakers. They take up very 


little space, and can be placed at load centers, , 
eliminating long secondary feeders and im- 
proving plant layout. 


Natvar Varnished Fiberglas, Varnished 
Fiberglas Tapes and Varnished Fiberglas Sleeving are Class B 
insulation, approved for 85°C. temperature rise. All Natvar flex- 



















ible insulations are consistently uniform, no matter when or where 
purchased. They are immediately available either from your 
wholesalers’ stocks or direct from our own. 


* FIBERGLAS is the trade-mark (Reg. U.S. Pat. Off.) 
of Owens-Corning Fiberglas Corporation for a 
variety of products made of or with glass fibers. 
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SMALL METAL STAMPINGS 
in Accordance With Your Prints 


Extensive modern plant, complete equipment, 
engineering and toolmaking skill for producing 
your stamped metal parts accurately, economic - 
ally, promptly. Moderate die charges. Facilities 
for large volume production. We welcome 
stamping problems. 








































TERMINALS FOR ELECTRIC WIRES 


Specialists in the terminal field, we have dies 
to produce over 400 different kinds of separate 
terminals. Every modern facility to meet your 
standard or special requirements. 


PATTON:-MacGUYER COMPANY 


Edgewood Station ase ee oe 
































































































BALLS FOR BEARINGS AND OTHER BALL APPLICATIONS 


Precision balls for every requirement of the electrical industry. 
Made in many different materials. Also special bearings and 
retainers. Send your specifications for recommendations from 
our Engineering Department. 






































THE HARTFORD STEEL BALL CO. 


HARTFORD 6, CONN. 








































nated paper tubes. Operating temperatures to ] 

Material has low pouring viscosity and good b as C. 
lease; melting point is relatively sharp; apetili " - 
1.59. Pouring temperature is 350 to 400 F- flak oot 
450 F. Mitchell-Rand Insulation Co., Inc., 5] woe 
St., New York 7. ey 








PLUG-IN HERMETIC TERMINAL 


Plug-in terminal with octal-key locating device 
have up to 20 tubular-steel pins sealed with inor ™ 
glass; plugs into a socket without external wa 
Specially suited for hermetically sealing relays, Stim 
sockets for the terminals are available. The Fusite ¢ . 
Carthage at Hannaford, Cincinnati, Ohio. - 





METAL ENCASED WIRE-WOUND RESISTORS 


Flat, metal-encased wire-wound power resistor js specif 
ically designed for business machines and other equipment 
where minimum size is needed. Shallcross Type 265A te. 
sistor is space wound, has mica insulation, and is encased in 
aluminum for mounting flat against a metal chassis for 
maximum heat dissipation. At 175 C continuous operating 
temperature, units are rated for 7% watts in still air and 
15 watts when mounted on a metal chassis. Shalleross 
Mfg. Co., 10 Jackson Ave., Collingdale, Pa. 


PENCIL-TYPE SOLDERING UNIT 


Operating on the conduc- 
tion principle, pencil-type 
soldering unit, Glo-Melt, 
can be used on all types of 
soldering operations in- 
cluding silver soldering 
and brazing. With the ca- 
pacity equal to a 450-watt 
heater, soldering is done 
with a light-weight hand 
piece weighing 5 oz. Upon 
contact with work, tip of 
copper-jacketed carbon tip 
heats and flux-core solder flows when touched to work. Whe. 
removed, tip cools thereby using power only during con- 
tact. Tips may be ground to various shapes, no tinning 
required. Unit has a 24-heat selector to handle both light 
and heavy work. Suited for production and assembly line 
operations, unit weighs 25 Ib, is 7 x 7 x 7 in. Wasserlein 
Mfg. Co., Inc., 7400 3rd Ave., St. Petersburg 6, Fia. 





SPRING COILER 


Semi-automatic coiler for 
winding both left- and _ right- 
hand compression, extension 
and tension springs can be ad- 
justed for a wide range of 
lengths, pitches, diameters and 
number of coils. End coils of 
compression springs are wound 
with a uniform pitch and exact 
length and automatically closed 
or squared. Extended lengths 
for forming special ends or 
hooks can be made.  Hand- 
operated or motor-driven ma- 
chine is especially useful for 
coiling small quantities oF 
samples. Springs may be wound from spring steel, music 
wire, stainless steel, phosphor bronze and other spring 
materials. Machine will accommodate wire up to 0.063-in. 
diam; and make springs with up to 25 coils, 34-in. OD, 
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you can 6€ SURE.. te irs 


Westinghouse 


{ manufacturing methods and special seals have 
f made it possible. 

_ Records of nearly half a million motors, operat- 
t ing in every type of industry, indicate that pre- 
j lubricated bearings offer: an average saving of 
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. —— If you figure LIFE-COSTS... you'll figure LIFE-LINE =. 
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Why take a chance with 
“Once-in-a-while”’ lubrication? 


Why fuss with motors that require lubrication 
“every so often?” Whether it’s monthly, yearly, 
every two or three years, or just an indefinite 
“sometime,” it is as much trouble remembering 
when to lubricate, as it is to do the lubricating. 
And it certainly isn’t a very good way of making 
sure bearings get proper greasing attention. 

There is one way to be sure. That’s with 
Life-Line motors. Lubrication is positive. Bearings 
are pre-lubricated and factory-sealed. No further 
lubrication is required! 

This is the modern way of lubricating motors. 
Development of special lubricants, up-to-date 
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$2.70 yearly per motor . . . 41% fewer motor 
outages due to faulty lubrication . . . complete 
freedom from lubrication attention. 

Today, periodic lubrication is a costly nui- 
sance. So why take a chance with it when 
Life-Line offers positive lubrication at no extra 
cost. See for yourself. Ask your Westinghouse 
representative for a copy of “Facts on Pre-Lubri- 
cated Bearings,” B-4378, or write Westinghouse 
Electric Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. J-21559 
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Fo r Un excelled Pe rfo rmance 4-in. long over a wide range of pitches. Supplied with, 29 


: arbors made from hardened drill rod in sizes from \, 
i Be | . | ie Ya in, diam., advancing by Ya in. The Carlson Co nm 


I TO< lway, New York . 


Le | LE ) & a I a : Light touch on a rod delivers a glued labe 


ator on this semi-automatic feed label paster, 
labels are stacked in an adjustable hopper 


1 to an Oper- 
Ungummed 
» Accommodating 


labels up to 5%-in. wide. Touching the feed actuator feeds 
one label through machine automatically to pick up a 
coating of adhesive. Amount of adhesive applied to the 
label is controlled by a dial regulator. Unit measures 7% 
x 11% in. and is equipped with a 4%» hp motor. Potdevin 
Machine Co., 1278 38th St., Brooklyn 18, N. Y. 


AIUD NILA a CR ARIES EURAIL: RL aay 


Laboratory and Engineering 


Equipment 


INSULATION TESTER 


i °o °o E & For development and control of insulating coatings for 


wire, and other applications involving dielectric stress 


the only b A L L e Fe A ® i Be & studies, insulation tester consists primarily of high-voltage 


transformer, motor-driven auto-transformer, indicating 
ith 


HONED RACEWAYS 


eet 
: Twenty-five leading electric Motor manu- 
= facturers use Hoover Ball Bearings as 
standard equipment in their motors. These firms have 
found that Hoover Ball Bearings with honed 
raceways best meet the rigid standards of precision 
uniformity and quietness demanded in the modern 
electric motor. Hoover raceway honing on special 
Hoover invented machines assures ball bearing that 
give unexcelled performance at costs within easy 
reach of every manufacturer of quality equipment. 


Hoover Engineering Manual 


foe te Executives. voltmeter, and mercury cups or terminals for connecting 


the specimens. Two models are available: one rated at 35 
THE ARISTOCRAT kv, 5 kva, other at 12 kv, 0.5 kva. Cabinet dimensions are 
20 x 16 x 35 in. Weight is approximately 300 lb. Control 
of the accelerating secondary voltage is automatic. A con- 
stant speed motor drives an auto-transformer which en- 
ergizes the primary of the high-voltage transformer. Stand- 
ard rate of rise of the secondary voltage is 500 volts per 
sec. At breakdown of specimen insulation, an over-current 
relay operates to stop motor-driving mechanism and open 


ELECTRICAL MANUFACTURING 








a3 4a a 
ELECTRICAL SPECIALTIES? 


PRESSURE SWITCH 
For Precise Liquid Level Control 





Adjustable to trip on heads between 6 and 14 
inches. Resets on heads as low as 1% inches. 
Accuracy held within % inch plus or minus, and 
is unaffected by turbulence and vibration. Two 
basic types—variable level control, or fixed level 
control. 

SPDT snap-action switch—normally rated 6 
amps at 120 V a-c. 


E Soreng PLUG-IN Terminals 


Save time—cut cost! No soldering, no eye- 
letting, no screws to drive! 


Listed by U.L. and rated at 15 amps, PLUG- 
IN Terminals provide uniform, positive con- 
tact for low-loss connections. Made of silver 
plated bronze and reinforced by steel guards. 
Pull-out force is 7 to 15 pounds to prevent 
loosening from vibration or accidental pull. 


SORENG REVERSING SWITCH 
For Fractional H. P. Motors 


Remarkably compact—for all fractional h.p. ap- 
plications up to and including  h.p. Only 244" x 
244" x 13%” thick. Blade type mechanism, cam 
operated. Three positive-indexing positions — 
Forward, Stop, Reverse. 


Switch contacts are silver, switch blades silver 
plated phosphor bronze. Entire switch enclosed 
in molded Bakelite case. Regularly furnished with 
Soreng PLUG-IN Terminals (above). 


Gg No. 2580 LEVER OPERATED 
DOOR SWITCH 


Ideally suited to automotive and refrigeration use 
because unaffected by moisture and other unfavor- 
able climatic conditions. 


Simple installation— mounts in %” diameter 
hole. Molded Bakelite case, lever and mounting 
plate. Metal mounting plate if desired. Contacts 
are fine silver for long life. Listed by U.L. and rated 
-75 amp at 120 V a-c, or .25 amp at 250 V a-c. 
Regularly furnished with choice of solder or screw 
type terminals. 
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check Soreng first! 


For 25 years, Soreng has made the finest 
components at the lowest cost consistent with 
trouble-free service. A good reason 

why so many of America’s leading appliance and 
equipment manufacturers choose Soreng parts! 





These are just a few of many Soreng electrical specialties. 
Others include—solenoids, switches of all kinds, 
thermostats, and connectors—for washers, refrigerators, 
automobiles, radios, electric ranges, vending 
machines, phonographs and appliances. 

So remember—next time you need dependable electrical 
specialties, check Soreng first! For complete information 
about any item, write Dept. MOS. No cost or obligation. 
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iPM eee ee led 


aE York,NY 35 E. W 


acker Drive. Chicago. |! 


SAVES 
<a a ‘IME 
wae ann COSTS 


MT SCIENTIFICALLY DESIGNED 


to meet Modern Production Methods in the fields of 
Radio * Television * Telephone * Telecommuni- 
cations * Railroad Signalling * Automotive Industries 


Can Manufacturing « Machinery » General Electrical 
_— Work + Aeronautics and many others. 


SAFE! SPEEDY!!! EFFICIENT!!! 


SUPERSPEED WHITE FLASH Activated Rosin Cored Solder 
comes in different diameters and alloys—YOU CAN 
SELECT THE SOLDER TO GIVE MAXIMUM EFFICIENCY 
AT THE CORRECT TEMPERATURE—FOR YOUR JOB 
— or — we make it to fit your requirements. 


Check these Important Features: 

%& Activated rosin flux insures maximum ‘‘wetting’’ 
ond spreading. 

% No dry or high resistance joints. No risk of corrosion 
%*% Economical. Gives more joints per pound of solder. 
% Faster. Operators solder more joints. 
% Cuts down rejects. 
% Non-hygroscopic residue of high dielectric strength. 
* No unpleasant odor. 
%*% Complete continuous core. 


“Made by Metal Refiners for 150 Years.’ 


Write to. cur U. S. Representative for semples, 
technical literature, and prices. Stocks maintained 
is for immediate delivery to all points. 


AA, MAURICE H. ESSE 


ATER STREET 


NEW YORK 


primary, de-energizing circuit. Pointer on linear-scale + 

tox voltmeter will remain fixed at the breakdown voltae 
until the motor driving mechanism is reset to zero. An oo 
iliary feature allows instrument to be used for fatigue eon 
ing. Automatic operation is assured by the use of a tim : 
that records actual test time the specimen is under sina 


Westinghouse Electric Corp., Box 868, Pittsburgh 30 Pa 


SIGNAL GENERATOR, BRIDGE AND DETECTOR 


Model 608A vhf signal generator (left) has a master- 
oscillator power amplifier circuit, and provides a directly 
calibrated output from 0.1 microvolt to 1.0 volt for measur- 
ing gain, selectivity, sensitivity or image rejection of re. 
ceivers, i-f amplifiers, broad-band amplifiers and other vhf 
equipment. The 1-volt output (into a 50-ohm load) js use- 
ful over the entire frequency range for driving bridges 
slotted lines, antennas and filter networks. Output circuit 


is directly calibrated in volts and db for fast reading; no 
charts are necessary. Frequencies from 10 to 500 me are 
covered in 5 bands. Single-dial, ball-bearing frequency con- 
trol gives accuracy in tuning and resetting. Instrument also 
has microsecond pulses, wide modulation capabilities, smal 
residual FM, and has CW, AM or pulsed output. Master 
oscillator and power amplifier circuits are enclosed ina 
heavy cast-aluminum shield. 

Bridge, Model 803A, provides direct readings in the 50 
to 500 mc band. Meter determines impedance by sampling 
the magnetic and electric fields of a transmission line. Phase 
is measured by determining point of cancellation of these 
samples along a second transmission line; method over 
comes the narrow frequency limitations of conventional 
bridge configurations. Instrument offers direct impedance 
readings from 2 to 2,000 ohms. Primary frequency range 
is 50 to 500 mc, but is useful at frequencies up to 1000 me 
and down to 5 mc. It can be used for any type of vhf iff 
pedance measurement, including characteristics of tram¥ 
mission lines, antennas, r-f chokes and condensers; cot 
nector impedances, standing-wave ratios, percentage of 
reflected power and vhf-system flatness. 

Model 417A vhf detector (right) is essentially a super 
regenerative AM receiver covering all frequencies between 
10 and 500 me. It offers high sensitivity, quick operation, 
and direct-reading frequency control. It is thoroughly 
shielded, and suitable for general laboratory work includ 
ing approximate frequency checks, noise and interference 
measurement. Hewlett-Packard Co., 395 Page Mill Rd 
Palo Alto, Calif. 


REGULATED POWER SUPPLY 


Output voltage of Model 107 regulated power supply is 
continuously variable from 100 to 400 volts at 0 to 250 ma 
with a variable control and range switch with steps of 100- 
200, 200-300 and 300-400 volts. In addition fixed d-c volt- 
ages are supplied: —150 volts, 0-15 ma obtained from 4 
regulator tube; unregulated high-voltages of 400, 520 and 
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(Sessions TIMEKEEPERS 


assembled at lower costs 


by TINNERMAN “TIME-SAVERS” 


It was a profitable decision when The Sessions 
Clock Company selected SPEED NUTS for an 
important job in the assembly of their famous 
“Melody” alarm clocks. 

By providing a simpler, faster method of attach- 
ing the movement to the plastic case, Push-on 
type SPEED NUTS are saving thousands of dollars 
annually. This savings was reflected in lower parts 
cost, shorter assembly schedules, and fewer rejects. 


Clocks, cars, or cap-pistols . . . whatever you 


manufacture, you'll find that SPEED NUT brand 
fasteners can provide faster, more economical 
ways to assemble your products. May we conduct 
a convincing Fastening Analysis for you? Con- 
tact your Tinnerman representative for details. 
And write for your copy of “Savings Stories’. 
TINNERMAN PRODUCTS, INC., Cleveland 13, 
Ohio. In Canada: Dominion Fasteners Limited, 
Hamilton. In England: Simmonds Aerocessories, 
Ltd., Treforest, Wales. 


The Old Way re 
steel brackets and 
4 tapping screws 
held movement ir 
case Disadvan 
tages high parts 
cost; multiple part 
handling; assembly 
fe ToTaalolons 


The SPEED NUT Way—4 Push-on SPEED NUTS zit 


integral 


studs in case, holding movement in firm 


resilient grip. Advantages: easy, fast assembly; fewe 


parts to handle; minimizes assembly damags 


9 TN 
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NEW STEVENS THERMOSTAT 
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Manually adjustable Type R thermostat. 
Preset non-adjustable style also available. 

















e close temperature control 












@ operation up to 600°F 
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Which thermostat feature do you value most? 
You get all these advantages when you specify Stevens 
Type R' thermostats for your product. 


e clean make and break 











e@ fast response 




















Stevens Type R thermostats are specially engi- 
neered for precision control of roasters, warming 
ovens, water heaters and other appliances, and for 
industrial apparatus or electronic devices. 

















Typical performance 
graph above shows how the 
electrically independent bi- 
metal eliminates overshooting, 
artificial cycling and life- 
















4-— CONTACT SPRING 
5— BI-METAL 


| — ADJUSTING STEM 
2— TERMINALS 
3~ CONTACTS 6— PORCELAIN INSERT 


etme Senne  sbertening “jitters”... how 
it responds only to heat from controlled device 
or ambient air temperature. Heavy-duty silver con- 
tacts open only when bi-metal pressure overcomes 
contact spring tension and friction of bi-metal strip 
against spring surface—for a clean, positive break. 



































Precision assembled from quality materials only— 
and precalibrated in pots simulating actual service con- 
ditions—Type R thermostats insure the performance 
of your product. Specify Stevens Type R thermostats 
—they perform better, last longer. A.2490 
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“iy 2m 4 2B. 68 manufacturing company, inc. 
MANSFIELD, OHIO 














660 volts at 0 to 250 ma. Regulation is less than l 

for voltages from 100 to 400, zero to full load sal ta cent 
voltage variations from 100 to 135 volts. Hum We line 
within 5 mv at any voltage or load within ratings rt z 
terminals available from front or rear. Built-in Ot a 
volt meter, table or relay rack mounting, line ee - 
plate power on-off switch are other features. Line = 
100 to 130+ 5 volts 60 cycles with a power consum ie se 
320 watts full load, 120 watts no load. Dimensions tai « 
19 x 1134 in. Electronic Associates, Inc., Long Branch Ni 


WIDE BAND AMPLIFIER 


Frequency response of 
Type 105 wide-band d-c 
amplifier is flat from d-c 
to 40 kc, down 1 per cent 
at 50 kc, 5 per cent at 100 
ke and 12 percent at 200 
ke. Base-line change is less 
than the equivalent 0.5-my 
input at full gain for a line 
voltage variations from 100 
to 125 volts. Gain change 
is less than 1 per cent over 
same range; voltage gain 
is 200. Input signal of 75 
volts can be applied at full gain without blocking. Phase 
shift-frequency characteristic is nearly linear. No over- 
shoot on square waves or transients. Single-ended input 
has a 20,000 ohm impedance. Two continuous ranges with 
multiplication factors of 0.01 and 1.0. Grounded-input po- 
sition on range switch. Single-ended output is 1000 ohms 
resistive; linear range 20 volts above ground. Amplifier 
operates from 100 to 125 volts, 50 or 60 cycles and has a 
power consumption of 175 watts. Dimensions 14 x 10 x 2 
in.; navy-gray crackle finish. Hanover Developments, 401 
E. 74th St., New York 21, N.Y. 





COMPENSATED TRANSDUCER INDICATOR 


In conjunction with a lin- 
ear variable-differential trans- 
former (LVDT), indicator 
will measure position, thick- 
ness, pressure or any variable 
quantity which may be trans- 
lated into motion of trans- 
former core. Self-contained 
line-powered indicator  sup- 
plies a 60-cycle source for the 
transformer and is compen- 
sated for +15 per cent change 
in line voltage. Will indicate 
full scale for all series S, SP 
and C Schaevitz LVDT transformers within the linear 
rating (0.033 to 1.0 in.). Meter scale is 3.9-in. long 
calibrated 0-100 in 50 divisions. Balancing potentiometer 
is provided to adjust null voltage when mounted in prox- 
imity to metallic masses. Indicator range is set by a front- 
panel multiplier switch in steps of 2X, 4X, 10X and 20X. 
Instrument has a cast-aluminum ventilated case provided 
with external mounting flanges. Mounting centers 6% x 
6% in.; overall size 51% x 7% x 4 in. Schaevitz Engineer- 
ing, Crescent Blvd. at Drexel Ave., Camden, N.J. 





THYRATRON STABILIZED POWER SUPPLY 


Electronically regulated and stabilized power supply uses 
a direct-coupled amplifier to control a pair of thyratron rec 
tifier tubes. Two separate series of 250-watt-output supplies 
are available. Standard series is line-stabilized and load 
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A LITTlé 


ROUTINE SERVICE 
SAVED A LOT OF 
BRAZING ALLOY 


In this oil burner nozzle 
lead, EASY-FLO 45 joins a 
steel tube and a copper 
tube to the brass forging 
at left. Steel tube is inside 
the copper tube. Both joints 
are induction brazed simul- 
taneously, two assemblies 
at a time in 38 seconds. 


MAY 1950 


It has always been our aim to help 
every user of our EASY-FLO and 
SIL-FOS alloys get the fullest 
benefit of the speed and low cost 
these low-temperature silver braz- 
ing alloys bring to metal joining. 
So, follow up is routine—and very 
often our men are able to come up 
with constructive suggestions. 
For example—a user was braz- 
ing a small steel tube and a larger 
copper tube to a brass forging to 
make the oil burner part shown. 
He was using two rings of 1/16” 
EASY-FLO 45 wire, one for each 


CAN YOUR BRAZING COSTS BE CUT? 


Whether or not you are now using EASY-FLO and 
SIL-FOS alloys, we'll be glad to send a field engineer to 
give you the answer—without obligating you in any way. 


Just write or call and say when. 


For the facts about these alloys in print, write today for 


Bulletins 12-A and 15, 







joint—and he was perfectly happy 
with results. 

Looking in on the job our man 
felt that more alloy was being 
used than was needed. So he got 
some of the parts and sent them 
back to our research lab. There it 
was found that rings of 1/32” and 
3/64” wire for the steel and copper 
tubes respectiwwely, were ample. 
Naturally, the change was made— 
and the saving in cost from this 
little reduction in the size of 
alloy wire has mounted to sizable 
proportions. 
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MANDY & H 


82 FULTON STREET ‘ey 


ARMAN 






NEW YORK 7, N. Y. 


Bridgeport, Conn. « Chicago, Ill. « Los Angeles, Cal, « Providence, R. 1. » Toronto, Canada 
Agents in Principal Cities 
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v the core is stronger, and has higher resistance to vibrations 
and shock. 





V the resistance wire—made to H.H. specifications especially 
adapted to these resistors—is more uniformly wound so that 
failures under stress are eliminated. 


v the special alloy terminals are more securely fastened to the 
ceramic body by spot-welding—highly resistant to corrosion. 








V all wire connections “re protected by a positive, non- 
corrosive bonding. 























and... 











J new—blue-gray enamel coating—crazeless, thermo- 
shockproof gives greater protection throughout the most 
rugged service—longer life under extremes of humidity, salt 
water and severest atmospheric conditions. And by with- 
standing higher heat these resistors afford a greater safety 
factor. 






































J The fixed, the ferrule and the flat types are especially de- 
signed for and manufactured in accordance with JAN-R- 
26A specifications. 























SEND FOR NEW RESISTOR BULLETIN TODAY 


































regulated within + 0.5 per cent. Super series, wi 
sensitive error-control circuit, is line-stabilized 
regulated to within + 0.1 per cent. Outputs for each cor: 
are: 0 to 25 volts at 10 amp, 0 to 50 volts at § amp, 0 ig 
volts at 2 amp, 0 to 250 volts at 1 amp, 0 to 500 volts a 35 
ma. Each of the ten units has a continuously adjustabl 500 
controlled d-c output to full. voltage iSong 


and current rat 
Line-voltage stabilization takes place within %o sec ating. 


tha More 
and load. 


: Ri 

is less than 1 per cent at full rated output. An a 

cutout and reset circuit breaker with overload rao 
or 


comprises the safety and protective features. Output ; 
metered by a voltmeter. All standard units are designed o 
operation from a 90 to 130-volt single-phase 60-cycle sea 
source. Mounting for either bench or wall installation An 
units are built on standard rack panels and may be supplied 
with or without rack cabinets. Dimensions of the 50-volt 
5-amp power supply are 213g x 15 x 19% in. Construction 
throughout is fully in accordance with UL requirements 
Industrial Div., Amplifier Corp. of America, 398-32 Broad. 
way, New York 13, N.Y. 


STANDING-WAVE MEASURING EQUIPMENT 
Impedance and standing-wave ratios in the 300- tp 
5000-me frequency range can be measured with this stand. 
ing-wave equipment group. Slotted line (Type 874-LB) 





hown in lower portion of illustration is an air-dielec- 
tric, coaxial transmission line with a longitudinal slot in 
the outer conductor. Electrostatic pickup probe mounted on 
a sliding carriage, projects through the slot and samples 
the electric field within the line. Depth of probe penetra- 
tion is fully adjustable and travel distance is 50 cm— 
a half-wavelength at 300 mc. Probe carriage incorporates 
a built-in mount for a crystal detector. Characteristic im- 
pedance, 50 ohms; constancy of probe penetration is 
+2% per cent. Type 1231-P4 adjustable attenuator 
shown at upper left is a high-impedance resistance-type for 
use between slotted line and the amplifier to increase range 
and accuracy. Has three 20-db steps with a 20-db 
potentiometer to cover step range. Type 1231-B ampli- 
fier at upper right amplifies and indicates slotted-line 
crystal-detector output in decibels. Consists of a high- 
gain audio amplifier and an output meter, Full-scale meter 
deflection is produced by an input voltage of less than 100 
microvolts at full gain. Output meter has an approximate 
calibration in db for rough measurements up to 6 db. 
Normally furnished with internal batteries but a-c opera- 
tion available. General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. 


500-VOLT POWER SUPPLY 


Providing a variable-plate and bias-supply voltage, as 
well as a-c voltages for general laboratory use, Model 712A 
power supply is designed for higher power ranges. It pro- 
vides variable d-c voltages from 0 to 500 volts at 200 ma, 
with 0.5 per cent regulation. Also available is a 0 to 150- 
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THE NATIONAL ELECTRIC COIL COMPANY'S 


induction heating coil for pinion pulling. 


Insulated with 


FIBERGLAS 










EC 


FIBERGLAS 


GLASS-BASE ELECTRICAL 
INSULATING MATERIALS 


EL 


OWENS-CORNING 


FIBERGLAS 


7.“ 968 US PAT OFF 
GLASS-BASE ELECTRICAL 
INSULATING MATERIALS 
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an example of the application of 
electrical = 
insulating materials 





to help achieve greater resistance 
to sustained high temperature 








GLASS-BASE ELECTRICAL 
INSULATING MATERIALS 


LL) 


OWENS-CORNING 


FIBERGLAS 


GLASS-BASE ELECTRICAL 
INSULATING MATERIALS 


A new manual of Fiberglas glass-base 
insulating materials is available now. 
Send for your copy today. 


Owens-Corning Fiberglas Corporation 
Textile Products Division, Dept. 366 
16 East 56th Street, New York 22, N.Y. 


*Fibergias is the trade-mark (Reg. U. S. Pat. Off.) 
of Owens-Corning Fibergias Corporation for a 
variety of products made of or with glass fibers. 
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Fiberglas glass-base laminates... 
wire coverings and tapes made with 
Fiberglas yarns and silicones... are 
all used to increase the service life, 
and service effectiveness, of this 
rugged induction heating coil. 


National Electric Coil Company 
of Columbus, Ohio, was faced 
with this difficult design problem: 


Create an induction heating coil 

| that would raise the temperature 
of a steel pinion in 2 minutes to approximately 175° C., hot 
enough to pull easily. Coil must withstand heat generated in the 
coil itself by the very high wattage (132 KW) required, as well 
as the heat transmitted to it by the induction-heated pinion which 
the coil closely incloses. Build into this pinion-puller maximum 
service effectiveness and long life. Choose insulation that stands 
up under continued high temperatures. 


National’s design engineers provided the solution with the help 
of insulating materials made with Fiberglas yarns! 


High thermal conductivity, plus resistance to moisture, corrosion, 
and rot are other basic properties of Fiberglas yarns. Remember 
them when insulating materials are an essential part of your 
product design. 


OWENS CORNING 


FIBERGLAS 
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volt supply for bias use and a 10-amp 6.3 volt 
filaments. Built-in meters, monitor voltages 
Hewlett-Packard Co., 395 Page Mill Rd., I 


a-C supply for 
and Currents. 
alo Alto, Calif. 


VTVM AND MULTI-RANGE TEST SET 


Series EV-20 portable VTVM 
and Multi-Range Test Set ; 
a compact, sensitive, portable 
circuit-tester for general elec 
tronic, AM, FM and Ty a 
plications. Meter is a VIVA. 


megohmmeter with 


zero- 
on all VTVM ranges, oa 
rect-reading h-f scales. In ad. 
dition meter provides full 
standard 1000 ohms per volt 
functions. Has ranges y to 
1200 volts, 2000 megohms, 12 
amp and +63 db; dec VTVM | 
ranges to 12,000 and 30,000 volts when used with the TV 3 
high voltage test probe. Instrument includes direct-read. | 
ing, all-zero center VTVM, which indicates both polarity ] 
and magnitude without switching or test lead reversal: 
voltage regulated bridge circuit; master range and fune. 
tion selectors. Shielded connectors for both d-c and rf¥ 
which permit simultaneous and non-interfering connection © 
of both the d-c circuit isolating test probe and optional 4 
h-f vacuum-tube probe. Direct reading h-f voltage scalegm 
are incorporated. Dual-balanced electronic bridge ohmel 
meter-megohmmeter circuit uses only two 1.5-volt flasha 


light cells. The 1000 ohms per volt functions measure age 


and d-c voltages; db and current measurement free of 

power-line requirements. Instrument uses a 45@-in. rece 
f tangular 200 microamp meter; 1 per cent film type, met 3 

lized and wire-wound resistors for all shunts and mul@ 

01 pliers. Overall measurements of steel case with plastig 
INDIANAPOLIS, IND., Phillip E. Graham Company ? 
NASHVILLE, TENN., Electra Distributing Co. ri 


handle are 1014 x 6% x 5 in. and weight is 11 poundg 
Precision Apparatus Co. Inc., Elmhurst, L. I, N. ¥Y. 4 


“NEWARK, N. J, Aaron Lippman & Company Manufacturers 


NEWARK, N. J., Parr Electric Co., Inc. 


NEW YORK, WN. Y., E. B. Latham & Company 
NORFOLK, VA., Radio Supply Company ia terials and components write direct to the manufacturer j 
PHILADELPHIA, PA., Rumsey Electric Company | 

SAN FRANCISCO, CAL., Leo J. Meyberg Company ¥ 


For prompt receipt of these selected publications on ma 7 


on company letterhead, mentioning ELECTRICAL MANU: § 
FACTURING as your source. 


ST. LOUIS, MO., Van Sickle Radio Company 
Ge os epouen 


MOTOR CONTROL REFERENCE BOOK 


Fourth edition of manufacturers’ catalog comprises 
pages of condensed information, dimensions, and prices @ 
selected controls and accessories from line. Included apg 
a-c manual and magnetic across-the-line starters, a-€ 
duced voltage and solenoid starters, a-c control relays @ 
contactors, multi-unit control centers, synchronous and hit 
voltage starters, d-c starters, d-c control relays and ca ‘ 
tactors, drum switches, a-c and d-c rheostats, speed regi 
lators, push-buttons, limit switches, many accessories af 
pertinent information on selection and standards. Copies 7 
may be obtained by writing on company letterhead t0 7 
Allen-Bradley Co., 1316 S. 2nd St., Milwaukee 4, Wis. 


NEW ORLEANS, LA., Radio Parts, Inc. - Publicatio 


DESIGNING WITH ALUMINUM EXTRUSIONS 


Basic engineering principles that will enable the designer 
to use extruded aluminum shapes most effectively are G-] 
plained and illustrated with many examples in this 138 © 


ELECTRICAL MANUFACTURING 3 





research 


at American Lava Corporation is continuous, 
to anticipate and answer your problems 


on Custom Made Technical Ceramics 


Hohe 


Reg. U.S oa Off. 


vA 


Here are AlSiMag custom made components for radar, radio, 
television, electric appliance, textile, chemical, metallurgical, 


gas, petroleum, rubber, carbon and foundry applications. 


Here you are most apt to find the answer 

to any question involving technical ceramics. 

The Research Division has developed hundreds of 
highly successful compositions which combine 
special physical characteristics needed for unusual 
requirements. These compositions are custom 
fabricated to your specifications. 


AlSiMag's Research Division maintains accurate, cross-indexed 
records of all research findings to give you a prompt answer 
on the possibilities of furnishing you any special combina- 


tions of physical characteristics you may find desirable. 


49TH Fear CHERR AMEE LEADERSH 


AMERICAN LAVA CORPORATI 


CHATTANOOGA 5, TENNESSEE 


ROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2- . 9 South Clinton St., Central 6-1721 
1649 North Broad S&t., Stevenson 4-2823 ° tos 2 South Hill St., Metvetl 9076 
, 38-B Brattie St., Combridge, Mass., Kirkland 7-4498 ¢ $T 3 Weshingten Ave., Garfield 4959 
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Materials for potting, dipping or impreg- 
nating all types of radio components or all 
kinds of electrical units. @ Tropicalized 


fungus proofing waxes. @ Waterproofing 





finishes for wire jackets. @ Rubber finishes. 
@ Inquiries and problems invited by our 


engineering and development laboratories. 


Zophar Mills, Inc., has been known for its dependable 
service and uniformity of product since 1846. 


ZOPHAR MILLS, Inc. 


ESTABLISHED 1846 
117 26th STREET, BROOKLYN, 32 N. Y. 
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with G-E Calrod* Heaters 
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Put surface heat where you want 
it, when you want it, and in the 
amount you want it with G-E 
Calrod heaters. Calrod heaters are 
available for clamping on surfaces, 
inserting into drilled holes, cast- 
ing into metal, locating in grooves, 
wrapping around cylinders and 
spacing away from surfaces. And 
they come in a wide enough range 
of sizes, ratings, and sheath ma- 
terials to meet almost every con- 
ceivable heating requirement. 


FOR NEW FREE CATALOG, 
GEC-1005A and application bul- 
letin GEA-5097, “Heating Sur- 
faces,” write on your letterhead to: 
Section 720-17, Apparatus Dept., 
General Electric Co., Schenectady 5, 
New York. 

*Reg. U. S. Pat. Off. 





For a “spot” of heat, insert 
cartridge heaters into drilled 





For a “‘zone”’ of heat clamp 
on strip or tubular heaters or 





... cast Calrod tubulor 
heaters into metal 
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page book, “Designing with Aluminum Extrusions.” 
ters included are: Features of Aluminum Extrusi 


Ons, Ex. 


amples of Extrusion Design, Manufacturing Possibh 
Shape Design from Manufacturing Standpoint Str 
Design Consideration, Fits and Assemblies of Mati 
truded Shapes, Joint Design, Dimensional] 
Characteristics of Aluminum, Choice of Alloy and T 
Fabricating Properties, Finishes and Cost Factors nae 
dition, the tabular section presents 22 pages of ‘ane 
chemical, mechanical and physical properties of alym; z 
The 6 x 9-in. book is wire bound to lie flat when aa 
Copies may be obtained by writing on company letterhead 
to Reynolds Metals Co., 2500 S. Third St., Louisville Ky 
’ . 


SPECIALIZED SPRING STEEL STRIp 


Complete line of 785 sizes of specialized cold-rolled spri 
steel strip is included in this 32-page, 8% x 11 in. calalal 
Included in the 785 different sizes are 133 cold-rolled aad 
unhardened sizes and 652 cold-rolled, hardened and tem- 
pered sizes. Complete information such as thickness, Width, 
degree of hardness, type of edges and weight per hundred 
lineal ft is given on each size. Booklet also gives usefyj 
reference tables on weights of strip steels, comparative table 
of wire gages, numerical conversion tables, hardness con- 
version tables and a temperature conversion table. Copies 
may be obtained by writing on company letterhead to Sand. 
vik Steel, Inc., 111 Eighth Avenue, New York 11. 


ilities, 
Uctura] 
ng Ex. 
Tolerances, 


SYNTHETIC RUBBER PACKINGS 


Various types of VIX-SYN homogeneous and fabricated 
synthetic rubber packings are fully described in this 11) 
page handbook. This third edition has been changed some- 
what to conform to new packing standards approved by the 
JIC. Description and design-data on each type of packing 
are given along with sizes, cross-section views and catalog 
numbers. V-, U-, O-ring and flange packings as well as 
gaskets, diaphragms, wipers, special shapes and leather 
back-up washers are included. Separate chapter of this 6x 
9-in. bound handbook is devoted to reference data. Copies 
may be obtained by writing on company letterhead to EF 
Houghton & Co., 303 W. Lehigh Ave., Philadelpia 33. 





LAMINATED THERMOSETTING PLASTICS 


Recently revised 36-page “Micarta Data Book” presents 
complete technical data concerning Micarta, a laminated 
thermosetting plastics made from fabric or paper impreg: 
nated with synthetic resins. Grades and forms in which 
the material is supplied are tabulated, together with the 
chemical, mechanical and electrical properties of each. In 
cluded is a grade selection table on each type, design sug- 
gestions on molding the laminate and shaping parts, along 
with machining data. Standard shapes and sizes are listed 
with a description of finishes. Copies may be obtained by 
writing on a company letterhead to Westinghouse Electric 
Corp., Box 868, Pittsburgh 30. 


SMALL MOTOR CATALOG 


Unidirectional, reversible and synchronous motors il 
small sizes for appliances, projection equipment, industrial 
instruments, communications equipment, advertising devices 
and toys are listed, described and illustrated in this 36-page 
catalog. Individual data sheets on each motor have speed- 
torque curves, dimensions, performance characteristics, 
wiring diagrams and ordering information. Also included 
are geared-head motors, fan blades and motor enclosures. 
In general motor ratings range from 0.00011 to 0.032 hp; 
speeds from 6 to 3600 rpm. Copies may be obtained by writ- 
ing to Barber-Colman Co., Rockford, IIl. 
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The Gleaming White Shelves of the Shelvador™ 


Shelvador Refrigerator 


eth A 


@ Lasting whiteness... sharp, clean lines... 
low cost—here are three good reasons why 
Crosley uses BAKELITE Styrene Plastics for 
the door shelves of its famous “Shelvador” 
refrigerator. 

These versatile, economical materials fit 
the specification for such applications to a “T”. 
They are resistant to water, caustics, even 
strong acids. They can be molded on standard 
equipment to complicated shapes and fine 
detail. They are dimensionally stable, me- 
chanically strong, light in weight. 

BAKELITE Styrene Plastics come in all 
colors. And whether in lustrous white or any 
tint or shade . .. whether in transparent, trans- 
lucent, opaque or crystal-clear form, they give 
unfading beauty ... superior performance. 


are made from BAKELITE Styrene Plastics 


BAKELITE Styrene Plastics have a long his- 
tory of successful service in such diverse fields 
as housewares, wall tiles, packaging, closures, 
toys, and displays. Discover how they can 
help you better your products—either new, 
old, or contemplated. Bakelite Division engi- 
neers will: be glad to provide the technical 
assistance on your specific application. Write 
Dept. AJ-20. 


Molder: Wolverine Plastics, Inc., Milan, Michigan 


TRADE-MARK 


Bakelite 
here 


BAKELITE DIVISION, Union Carbide and Carbon Corporation, 30 East 42nd St., New York 17, N.Y. 
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Send Us Your Problems 


Aerovox Application Engineering assures performance 
satisfaction with Aerolite and other capacitor types. 
Write Dept. E350 for literature and details. 


Vasa 


EEE 
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@ Look! “1 mfd. at 200 volts working!” It's 
another of those Aerovox “Space Misers"—typ- 
ical of perfected Aerolite (Aerovox metallized- 
paper) capacitors. 

Minimum weight. Slashed bulk. Improved re- 
liability. Aerolites are now available in the 
same varieties of types as corresponding paper- 
and-foil sections—cardboard tubulars, hermeti- 
cally-sealed tubulars (illustrated), and usual 
metal-case units. 

Aerolites are self-healing when subjected to 
voltage overloads. Meet JAN vibration, tem- 
perature, immersion cycling and life test 
requirements. 





*Trade-mark 


RADIO-ELECTRONIC AND 
INDUSTRIAL APPLICATIONS | 





MEW in 
INDUSTRY 


Joseph C. Ferguson was recently elected assistant vice presi- 
dent in charge of research and advanced development of the 
Capehart-Farnsworth Corp., an associate of The Interna. 
tional Telephone and Telegraph Corp., Fort Wayne Ind 
Mr. Ferguson, with the company since 1939, has been ‘doing 
development work on television. Formerly he was a radio dedi 
engineer for Radio Corporation of America, Camden, N, J 








Joseph C. Ferguson 


Robert H. Morse, Jr. 


Robert H. Morse, Jr., who started with the Fairbanks, 
Morse & Co., Chicago, in 1916, was elected president re- 
cently. Mr. Morse has previously been vice president in 
charge of operations and vice president in charge of sales, 


Kenneth E. Pitney has been engaged by the J. M. Ney Co,, 
Hartford, Conn., as research engineer. Mr. Pitney will work 
with the electrical industry in solving contact problems. Mr. 
Pitney has had experience in naval electronics and commer- 
cial television. 


L. W. Atchison is now manager of engineering of the 
Household Refrigerator Div., General Electric Co., Bridge- 
port, Conn. Mr. Atchison has been with the company 24 
years and has held positions of assistant works engineer and 
assistant manager of engineering of the refrigerator division. 


Gordon F. Simons has been appointed director of research 
of The Beryllium Corp., Reading, Pa. Mr. Simons has been 
associated with the company in development and research 
since its inception. W. Thomas Peterson will succeed Mr. 
Simons as general sales manager. 


George H. Freers, formerly chief engineer of the Marmon- 
Herrington Co., Inc., Indianapolis, Ind., has been appointed 
vice president in charge of engineering. 


Howard A. Frey is now assistant manager, Engineering 
Dept., of Locke, Inc., Baltimore, Md. Mr. Frey will be re- 
sponsible for all engineering matters. 


J. P. Hunter has been appointed manager of engineering for 
the Vacuum Cleaner Div., General Electric Co., Cleveland. 
He succeeds F. T. Grothouse. 


Gerald C. Schutz, formerly chief of the radar techniques 
unit at the Air Materiel Command, has been appointed chief 
electronics engineer of the Gibbs Manufacturing & Re- 
search Corp., Janesville, Wis. 


Leo B. Glaser, in his appointment as manager of the newly 
formed Neg’ator Div. of the Hunter Spring Co., Lansdale, 
Pa., will supervise production, design and development. Mr. 
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1/32” Wall 1/64” Wall 
(no jacket) (nylon jacket) 


FLEXIBILITY TEST No evidence of No evidence of 
1. 60 days at 113°C cracking cracking 

2. 7 days at 136°C No evidence of No evidence of 
cracking cracking 


(Meets low temperature requirement of 
-40°C when tested according to JAN- 
C-76) 


SLOW COMPRESSION TEST 
Actual force in pounds to ground 


FLAME TESTS Self-extinguishing Self-extinguishing 
Horizontal Test no falling particles | no falling particles 


Vertical Test (As described in Under- | Specimens meet Specimens meet 
writers’ Standard for Thermoplastic | requirements sat- requirements sat- 
Wires) isfactorily isfactorily 


VOLTAGE BREAKDOWN TEST No failure No failure 
As received-2000 V/min. 23.9 KV 24.7 KV 
Ave. breakdown KV (1/64” wall) 


After 60 days at 113°C-2000 V/min. | No failure No failure 
Average breakdown KV 21.5 KV 24.0 KV 


(1/64” wall) 


INSULATION RESISTANCE TEST 


12 hrs. in water at 15.6°C 988 megohms 1270 megohms 
Megohms/1000’ 


Data appears as on the approval and test report from Underwriters’ Laboratories, Inc: 


By 


MFG. CO. 
199 Washington St., Boston 8, Mass. 








PORCELAIN.... 
to Size and Quality 


@ Colonial Porcelain is used on thousands of elec- 
trical and other products. This is 
because it is carefully made to size 
and its uniformity further insured 
by burning in gas-fired, tempera- 
ture-controlled kilns. If you need 
electrical porcelain parts, send us a 
sample or drawing for our estimate. 


The Colonial Insulator Co. 
907 Grant St. Akron 11, Ohio 















6 
Chicago 
are! 2753 W. North 
Tei. HU-6809 


PORCELAIN 


TEMCO Rheostats Give Your Product PLUS 
Selling Power . . . Long Trouble-Free Life 


Time-tested and proved is the performance of this foot 
control (F-12) rheostat, originally designed for speed 
control of small motors. : 

Used for many years by nationally known manufacturers 
and suppliers of flexible shaft machines, dental engines, 
hand grinders, jeweler’s lathes and sewing machines. Other 
applications too numerous to mention. 

Also available in a kmee control model. Extension 
cords with plugs and connectors made to customer’s specifi- 
cations. 

Investigate today the ibility of incorporating into 
your plans this quality, on price rheostat. 


THE ELECTRICAL MFG. CO. 
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Glaser has previously been associated with General Electr; 
Co., Radio Corp. of America, H. H. Eby, Inc., Phileo Gen 
eral Instrument Co., and Automatic Winding Co, f 


Thomas L. Coatney has been appointed general Sales m 
ager in charge of all sales for the Frederick Post Co Chi 
cago. Mr. Coatney was formerly general manager of ‘<< 
southwestern division in Houston, Tex. . 


J. E. Ryan and C. P. Hayes are now staff assistants 
the manager of engineering of the Small Apparatus Diy. 
Apparatus Dept., General Electric Co., Schenectady, My 
Ryan was formerly engineer-in-charge of the Control Di. 
vision Laboratory. Mr. Hayes was division engineer of the 
Ballast Div., Specialty Transformer and Ballast Diy. 


Harry R. Seelen has been named manager of the Lap. 
caster Engineering Section, Tube Dept., Radio Corp. of 
America, Lancaster, Pa. 


Thomas L. Staley has been appointed assistant manufac. 
turing engineer in the Fractional Horsepower Motor Man. 
ufacturing Div., General Electric Co., Ft. Wayne, Ind, 


C. J. Marlett, formerly representative for Kennametal, 
Inc., in the Chicago district during the past seven years, 
has been transferred to their engineering department at 
Latrobe, Pa. As product engineer he will be engaged in 
research and development on new applications. 


Thomas E. Murray, president of Metropolitan Engineering 
Co., member of the AIEE and ASME, has been nominated 
by President Truman to be a member of the Atomic Energy 
Commission. 


Granger Davenport, formerly assistant chief engineer, Gould 
& Eberhardt, Inc., machine tool builder of Irvington, N. J, 
has been named chief engineer. 





COMPANY BRIEFS 





The Ohio Electric Mfg. Co., Cleveland, has purchased all 
assets except plant of the Wright Hoist Div. of Lisbon Hoist 
and Crane Co., Lisbon, Ohio. Ohio Electric now manufac- 
tures hoists in addition to fhp motors, lifting magnets and 
wire-nail making machines. 


Highland Engineering Co., 32 Holman Blvd., Hicksville, 
N. Y., has been formed by William R. Spittal for the manu- 
facture of transformers, inductors, rectifiers and power sup- 
plies in capacities from 0.005 to 50 kva. 


Avery Adhesive Label Corp. will open factory offices at 
41 Park Row, New York City. Mr. J. H. B. Hedinger, 


Jr., will be in charge. 


The Gramer Co., 2734 No. Pulaski Rd., Chicago, manufac- 
turers of electrical coils and transformers, has changed ex- 
ecutive personnel. James M. Blacklidge, formerly of Stand- 
ard Transformer, Chicago, is president and Everett E. 
Gramer is vice president. 


Follansbee Metal Warehouse in Rochester, N. Y., is being 
moved to 961 Lyell Ave. increasing warehouse storage 
space by 350 per cent. 


Dalton Electric Heating Co. has moved to 11 Goodhue 
St., Salem, Mass. 


Sylvania Electric Products, Inc., has reorganized its Cali- 
fornia Sales Div. into two separate divisions. One will be 
located in San Francisco, the other in Los Angeles. 


The American Gage & Machine Co., Chicago, has merged 
with the Simpson Electric Co., Chicago, manufacturer of elec- 
trical measuring instruments; latter company will be known 
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Presenting... 
New Additions to the 


SELENIUM RECTIFIER 


r Power and Bias Supplies 
in TELEVISION 


SELETRON Selenium Rectifier minatures have 
long been widely used with complete satisfaction 
MAX. B.C. by manufacturers in the Radio, Television and 
VOLTAGE | CURRENT Electronics industries for receivers and other 


75  |100MA equipment. 
a = ae Now SELETRON brings you these two new 


380 75 MA models ideally suitable in size and rating: No. 5S1 
be oa ae at 500 Mils—No. 8Y1, the “baby” of them all, 
rem 1% on measuring only 14” square and rated at 20 Mils, 
380 |250MA 130 volts. While these rectifiers are designed to 
— oan a. meet television needs, engineers will find many 


7 ~~ applications for them in other electronic circuits. 


500 MA Other bias type rectifiers rated up to 250 volts 
500 MA will also be available. 














QR SELETRON DIVISION QR) 
A new leaflet Bias Type 8Y1, i" a 
eaten ‘deca: porsibilitie EL REC Le : OR b AL ote D Oe be 


is available. For your copy, write 


Dept. MS-27. Sales Department: 251 West (9th St., New York ff, WN. Y. 
Factory: 84 North 9th St., Brooklyn (1, N. Y. 





WIRES— 

MEASURED, 
| CUT AND STRIPPED 
| AUTOMATICALLY — 
| FAST 

AT 

LOW COST 


© cur 

@ strip UP 'T 

© HANDLE WIRES FROM 26 GAUGE TO 000 
GAUGE 


Applications of Artos Machines throughout the auto- 
motive, radio, telephone, and electrical appliance in- 
dustries have the economy-improving, efficiency- 
increasing values of fully automatic cutting, measur- 
ing, and stripping of wires. AND, terminals can 
also be put on one end, AUTOMATICALLY, IN 
THE SAME OPERATION! 


Artos machines are available in a variety of mod- 
els. There is probably one to meet your exact re- 
quirements, in either bench or floor models. 


Make it a point to find out how Artos machines 
can improve your production. Write on company 
letterhead today for complete information. 


ARTOS 
ENGINEERING CO. 


DEPT. EM, 2739 S. TWENTY-EIGHTH STREET 
MILWAUKEE 7, WISCONSIN 





as the Simpson Electric Div. Ray Simpson, founder of 
Simpson Electric Co., will remain as chairman of the new 
division while Herbert Bernreuter, who has been elected a 
vice president of the parent company, will act as the operat- 
ing head. Wallace E. Carroll of American Gage will remain 
as president. The two other divisions of The American 
Gage & Machine Co., Size Control Co. and Walsh Press & 
Die Co., will remain unchanged. 


Electronic Dept., General Electric Co., has established an 
office in the Electric Bldg., Houston, Texas. 


Stolper Steel Products Corp. has been relocated in a new 
130,000 sq ft factory at Menomonee Falls, Wis. 


Radio Corporation of America recently opened a television 
picture tube plant in Marion, Ind. 


The Accurate Mfg. Co., Garfield, N. J., makers of friction 
and rubber tapes, has completed a new building to house 
the general office and the testing and research laboratory. 


Apparatus Dept., General Electric Co., has opened a sales 
district in St. Louis. Mr. G. F. Maughmer will be in charge. 


Emerson Radio & Phonograph Corp. has purchased a 
plant at Coles and 14th St., Jersey City, N. J. Television 
and radio receivers will be manufactured in this 450,000 
sq ft plant. 


Sylvania Electric Products, Inc., has absorbed its wholly 
owned subsidiary, Colonial Radio Corp. Operations will be 
continued as the Colonial Radio and Television Div. 


Diehl Manufacturing Co., Finderne Plant, Somerville, N. J., 
electrical division of the Singer Manufacturing Co., has 
opened a district office and warehouse in the Singer Bldg., 
5900 Second Blvd., Detroit. Mr. James E. Ryan is manager. 


Cutler-Hammer, Inc., has opened a sales office at 410 
W. First St., Dayton, Ohio. Mr. P. L. Erickson is manager. 


Reliance Electric and Engineering Co. has opened a sales 
office located at 1206 Kanawha Blvd. East, in Charleston, 
S. C. William C. McConnell is branch manager. 


Metalwash Machinery Corp., formerly in Irvington, N. J., 
has opened its new 30,000 sq ft plant located on U. S. 
Route 1 at North Ave., Elizabeth, N. J. 


General Controls Co., Glendale, Calif., has opened a 
branch office at 721 S. Orange Ave., Newark 6, N. J. 
William Buck is branch manager. 


Centralab Div. of Globe-Union, Inc., Milwaukee, Wis., 
acquired a new plant in Denville, N. J., for the production 
of ceramic capacitors. Plant contains 46,000 sq ft and will 
be directed by Henry Horn. 


Aluminum Company of America, Pittsburgh, has established 
a new division for the rolling of magnesium sheet at New 
Kensington, Pa., Works. 


Star Electric Co., Bloomfield, N. J., recently acquired 
by Miehle Printing Press & Mfg. Co., is now operated as 
a subsidiary under the name of Star-Kimble Electric Co. 


Rivett Lathe & Grinder, Inc., Boston, Mass., has purchased 
Gerotor May Corp., Baltimore, Md. Latter company will 
continue to operate in Baltimore. 


Plastic & Rubber Products Co., Los Angeles, manufac- 
turers of molded rubber seals has opened offices and ware- 
house at 919 N. Michigan Ave., Chicago. 


American Machine and Metals, Inc., Moline, Ill., acquired 


the Gotham Instrument Co., Inc., New York. The company 
will be known as the Gotham Instruments Div. and will 
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IDEAL FOR ALL THESE 
PRODUCTS...AND MANY MORE! 





VELVAGLAZE Agitator: courtesy Hotpoint, Inc., Chicago, Ill. 


MONARCH’S AMAZING NEW PROCESS 
FOR PRODUCING BRIGHTER, SMOOTHER, 
MORE DURABLE PERMANENT MOLD CASTINGS 


Monarch Scores Again...with VELVAGLAZE, the completely new process 
that adds life and lustre to aluminum permanent mold castings...steps 
up sales appeal of every product to which it is applied. 


Now you can have castings so shiny-bright that despite continued exposure 
to the elements or repeated dunkings in soap or detergent solutions, they 
will remain free from discoloration for much longer periods of time... so 
velvety-smooth they will not snag or tear even the daintiest, most fragile 
fabrics... with surface so hard and dense that ink spilled on and allowed 
to dry washes off without a trace...so ruggedly-durable that useful life 
is extended to a degree not possible with ordinary commercial castings. 


That’s what you'll get when you specify “Monarcastings produced by 
the VELVAGLAZE process!”’ 


Want complete, up-to-date information...including the surprisingly 
low cost of producing your castings by the VELVAGLAZE process? 
Write, wire or call us today. We’re also interested in discussing your 
aluminum and zinc die casting requirements, too. 


WRITE TODAY FOR NEW, 
INTERESTING FOLDER 


A useful, non-technical 
ready reference folder. 
Prepared for product engi- 
neers, designers and mer- 
chandising executives as 
who want more “‘sales- _ 
appeal” in their products. 






AARARCTS Lac, 
VAL REDERN RAE 





MONARCH ALUMINUM MFG. COMPANY - Detroit Avenue at West 93rd Street, Cleveland 2, Ohio 


MAY 1950 
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A BASE SPECIFICALLY 
DESIGNED FOR YOUR 
PLUG-IN UNITS. 


Eliminates— 
Broken bosses! 
Bent pins! 
Shorted circuits! 



































Your Plug-in units can now have pro- 
tection against shorted circuits, brok- 
en bosses, bent pins. For the first 
time, the Alden-pioneered “‘Non-inter- 
changeable” plug-in bases give your 
units the utmost ruggedness for long 
service plus self-locating features that 
speed right connections and prevent 
misconnection of wrong 




















































































units. STRONG NO CENTER 
STUBBY g0SS TO 
PINs SREAK 
Request new 
Alden booklet a 
SLIGHT PROJECTION LOCATING RINGS 
“Components for OF PINS CENTERS GUIDE PINS FOR 
Plug-in Unit PLUG-IN UNIT QUICKLY QuiCK ROTATION 
Construction.” FOR LOCATING. vo mupensuas 
It’s a gold mine! PIN PATTERN CAN 








BE VARIED To ALLOW 

ISOLATION OF CRIT- 

ICAL LEADS OR TO 

MAKE UNIT NON-/NTER- 

CHANGEABLE WITH AMY UNIT 

HAVING SAME NUMBER OF PINS 
To fit your various mounting problems, Alden 
Non-Interchangeable plug-in bases are made in 
a variety of styles. Attractive housings to be used 
with these bases are also available. Alden engi- 
neers will also gladly work with you on any of 
your unusual plug-in base or unit mounting 
problems. 


LET ALDEN WORK WITH YOU ON YOUR 
COMPONENTS FOR PLUG-IN UNIT 
CONSTRUCTION 

















ALIGNMENT 
INDICATOR 




































































=) Ht_pen Propucts Co. 
117 NO. MAIN STREET, BROCKTON 64EM, MASS. 




























NON-CARBONIZING 


HEAT RESISTANT 














































MOLDINGS 


7 intricate molding shown above is the base for 
a master lighting control panel board unit. It is 
built to house four heavy duty snap switches, com- 
plete with individual plug fuses and accessory fittings. 
The cole is complicated by lateral openings at either 
end for line connections. Rostone molds it quickly, 
economically out of ROSITE for a leading supplier 
of electrical switches. This is another molding problem 
made easy by Rostone’s skill and experience. Ask for 
information. 


CORPORATION 
123 S. Earl Ave. 
Lafayette, Indiana 
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continue to manufacture industrial recording and con- 
trolling instruments. 


Howard Industries, Inc., Racine, Wis., have combined the 
engineering staffs of Cyclohm Motor Corp. Div. and the 
Electric Motor Corp. Div. They are developing special 
fhp motors and offering engineering service to original 
equipment manufacturers. 


Electro Switch Corp., Weymouth, Mass., has a new ad- 
dress because of renaming of streets. Plant is now located 
at 167 King Ave. 


Rockbestos Products Corp., New Haven, Conn., has opened 
a district office in New Orleans, La. Mr. Warren S. Jones 
is Manager. 


Tinnermann Products, Inc., Cleveland, has opened a district 
office in St. Louis, Mo., located at 7614 Wydown Blvd. Carl 
F. Marcussen has been named manager. 


Ilinois Tool Works, Chicago, has opened an eastern sales 
office for the Shakeproof, Inc., Division in the Chrysler Bldg., 
405 Lexington Ave., New York. Russell W. Bill is sales 
manager. 


Hytron Radio & Electronics Corp., Newburyport, Mass., has 
started construction of a new television picture tube plant 
next to the present factory. 


Electrocoil Transformer Co. has moved to Westerly Rd., 


Ossining, N. Y. 


Electrocoils, Inc., Trenton, N. J., has started production. 
The company is the successor to the Coil Winding Div. ot 
John A. Roebling’s Sons Co., whose entire production equip- 
ment it bought. 


Minneapolis-Honeywell Regulator Co., Philadelphia, has 
changed the name of its Brown Instruments Div. to In- 
dustrial Div. 


The Bristol Motor Co., Old Saybrook, Conn.,, has the fol- 
lowing new officers: R. H. Winslow, president; John 
Strong, vice president in charge of manufacturing, and 
Kingsley Swan, secretary, who will direct purchases and 
work on customer problems. 


The Western Instrument Co. has moved to 826 N. Victory 
Blvd., Burbank, Calif. 





ASSOCIATIONS AND SOCIETIES 


Federal Standards Council Organized 


Coordination of matters involving national and international 
standardization in which Federal Agencies are interested is 
being accomplished through an Interdepartmental Standards 
Council. Representatives from 15 Federal Agencies compose the 
council. S. P. Kaidanovsky of the Federal Supply Service, 
General Services Administration has been designated chairman. 
The council will cooperate with technical organizations within 
industry concerned with standardization matters. 


William L. Batt Elected Director of ASA 


Leader in international standardization, William L. Batt, 
president of SKF Industries, Inc., Philadelphia, was elected 
director of the American Standards Association. Mr. Batt 
took a leading part in the standardization campaign that 
united the U. S., Great Britain and Canada on the dimen- 
sions of ordinary screw threads. He was chairman of the 
Sponsors Council on Unification of Screw Threads. 


Robert H. Brown Receives Whitney Award 


National Association of Corrosion Engineers has chosen 
Robert H. Brown, chief of chemical metallurgy at Aluminum 
Company of America research laboratories in New Kensing- 
ton, Pa., to receive the Whitney Award for 1950. Included in 
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equipment dhe uspart 


ESISTANCE WIRE 


iS PROM@F OF UNIFORM HEAT AND 
LONG SERVICE DEPENDABILITY 


There’s good reason why TOPHET Resistance Wire is 
used wherever dependable electric heat is required. TOP- 
HET has:a reputation for helping appliance sales and in- 
creasing efficiency in critical industrial applications. For 
heating elements made of TOPHET provide uniform heat 
and long continuous service—the kind of performance that 
appliance manufacturers and industrial designers look for 
~ before they specify. That’s why it will pay you to check on 
- TOPHET, today! 


Ht’s TOPHET for “Top Heat” 





WILBUR B. DRIVER CO. 


150 RIVERSIDE AVE., NEWARK 4, NEW JERSEY 
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Mr. Brown’s contributions to the science of corrosion are 
the theory of cathodic protection, special alclad products and 


| Qj f SI 9 f S ay Qj application of electrochemical method to the study of alumi- 

num alloys. 
VEN 

2 ROUND re) RECT Ae In reporting the presentation of annual awards given by the 

TeLU) AR i Institute of Radio Engineers at the annual banquet on March 

ow. a g 4 yg U B a 4 8, the names of the recipients of some of the award winners 


were printed in error on page 170, April, 1950, ELecrricaL 
MANUFACTURING. The pictures appear below correctly identified. 


Correction 






With specialized experience 
and automatic equipment, 
PARAMOUNT produces a 
wide range of spiral wound 
paper tubes to meet every 
need. . from 14” to 30” long, 
from .592” to 19” inside 
perimeter, including many 
odd sizes of square and rec- 
tangular tubes. Used by lead- 
ing manufacturers. Hi-Dielec- 
tric, Hi-Strength. Kraft, Fish 
Paper, Red Rope, or any Otto H. Schade Joseph F. Hull Arthur W. Randals 
combination, wound on auto- 
matic machines. Tolerances 
plus or minus .002”. Made to 
your specifications or engi- 
neered for YOU. 


PAPER 


Paramount ws core. 


612 Lafayette St., Fort Wayne 2, Ind. 
Manufacturers of Paper Tubing for the Electrical Industry 



























Andrew V. Haeff E. J. Barlow 





CALENDAR OF MEETINGS 


May 3-5—Technical Conference, Institute of Radio 
Engineers, Dayton, Ohio. 


May 5—Conference on Electrical Engineering Prob- 
lems in the Rubber and Plastics Industry, American 
Institute of Electrical Bngineers, Portage Hotel, 
Akron, Ohio. f 
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RANGING FROM 
1 TO 120 SECONDS 


Fearurts: — Compensated for ambient 
temperature changes from —40° to 110° F 
. . . Hermetically sealed; not affected by 
altitude, moisture or other climate changes 
. « - Explosion-proof . . . Octal radio base 
.-- Compact, light, rugged, inexpensive . . . 
Circuits available: SPST Normally Open; 

SPST Normally Closed. 
PROBLEM? Send for”Special Problem Sheet” 





May 9-11—Conference on Improved Quality Elec- 
tronic Components sponsored by the AIEE, IRE and 
RMA, Department of Interior Auditorium, Washing- 
ton, D. C. 






















May 12—1950 Annual Meeting, Armed Forces Com- 
munications Association, Photographic Center, As- 
toria, L. I., N. Y., and New York City. May 13—Sig- 
nal Corps Center, Ft. Monmouth, N. J. 






















May 22-25—1950 Parts Distributors’ Conference & 
Show, Association of Electronic Parts and Equipment 
Manufacturers, Stevens Hotel, Chicago. 


May 24-26—Conference on Telemetering, American 
Institute of Electrical Engineers, Philadelphia. 











VOLTAGE OF 24V ' WITH AMPERITE 
h| BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX. 4 ONLY 


; 50% | 2% 


j | eo” 

uy ~°° Amperite REGULATORS are the simplest, 
Hol i lightest, cheapest, and most compact method 
at} fl of obtaining current or voltage regulation 
ae . . - For currents of .060 to 6 Amps... . 
wae Hermetically sealed; not affected by altitude, 

bs ambient temperature, humidity. 

Write for 4-page Illustrated Bulletin. 







June 4-7—37th Spring Meeting of the American So- 
ciety of Refrigerating Engineers, Hotel Muehlebach, 
Kansas City, Mo. 










June 5-7—18th Annual Convention Edison Electrical 
Institute, Auditorium, Atlantic City, N. J. 


















June 12-16—1950 Summer and Pacific General Meet- 
ing of the American Institute of Electrical Engineers, 
Huntington Hotel, Pasadena, Calif. 








la Vildd ae ELT an rend ee es ed 


r i] 71 
Fa tle we ole: Lia Aing © As 


ELECTRICAL MANUFACTURING 


INGOT + SHEET & PLATE + SHAPES, ROLLED & EXTRUDED + WIRE - * BAR + TUBING > PIPE > SAND, DIE & PERMANENT MOLD CASTINGS * FORGINGS + IMPACT EXTRUSIONS 
ELECTRICAL CONDUCTORS + SCREW MACHINE PRODUCTS + FABRICATED CTS + FASTENERS + FOIL + ALUMINUM PIGMENTS + MAGNESIUM PRODUCTS 


MAY 1950 





STEEL SHORTAGE 
THROUGH 2 ne 18 CONTINUE 


Although the present 


“Xpect no de] 


Manufacturers Switch To 


Hot Rolled Sheets 


In an eff. 
ort to maj ] 

_ ‘ aint 
ating Schedules many pil oP- 
j nts 
ity Hot 
” a replacement 
The Superior 
Vision, One of 
Prominen oducers 


Ivery miracles. 


We can furnish for 
Mm Cam Clay 


ELECTRICAL SHEETS (SILICON) 
HOT ROLLED ACID PICKLED 
GALVANIZED - GALVANNEALED 
LONG TERNE SHEETS 


MILL LIMITS: 6 gauge thraugh 30 gauge. Widths up 


to 48’ 


: 
Drawing Qualities, Stretcher Levelled and Re-squared. 


lengths up to 144”. Drawing and Deep 


Immediate contact is suggested 


Some new accounts can be accepted 


SUPERIOR SHEET STEEL DIVISION 


THE PARKERSBURG STEEL COMPANY 
LOUISVILLE, OHIO 


rd AND 4. QUARTERS| 


| In general, 
| methods 
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STANDARDS AND SPECIFICATIONS 


Insulating Oils—Last symposium in a series of three on 
insulating oils published by the American Society for 
Testing Materials includes papers presented at the March 
1949 meeting of Committee D-9 on Electrical Insulating 
Materials. Topics covered are: Performance Character- 
istics of the Askarels, One System of Laboratory Testing 
to Appraise Serviceability of Oils in Transformers, and 
Performance of Inhibited Transformer Oils. Copies of 
this 56-page, 6 x 9 in. booklet can be obtained from the 
American Society for Testing Materials, Philadelphia, 
for $1. 


Tentative Methods for Determination of Iron Content for 
Iron Powder, MPA7-49T.—Standard describes procedures for 
the chemical analysis of granular iron powder to determine 
total iron content, metallic iron content and ferric and 
ferrous oxide content. Published by the Metal Powder 
Association, New York 17. $0.25. 


Preferred Sizes for Copper and Copper Alloy Rod— Proposed 
simplified practice recommendation for copper and copper 
alloy rod (round, hexagonal and octagonal) has been sub- 
mitted to producers, distributors and users for approval or 
comment by the Commodity Standards Div., National Bu- 
reau of Standards. Proposed by the Copper and Brass Re- 
search Association, the recommendation lists preferred OD 
or distances between parallel surfaces of rod ranging in size 
from Ug to 4 in. Mimeographed copies available on request 
from Commodity Standards Div., National Bureau of Stand- 
ards, Washington 25. 


Gaging Practices for Ball and Roller Bearings, B3.4-1950— 
the standard specifies the most acceptable 
of determining whether bearings conform to 
specified dimensions. It thus provides means for bearing 
users, manufacturers, engineers, inspectors and shop per- 
sonnel to “talk the same language.” This permits econ- 
omies to both producer and user of bearings by eliminat- 
ing differences of opinion arising from differences in gaging 
methods. Specifically the standard defines inspection meth- 
ods, giving gaging loads and methods of measurement. 
Standard methods are given for obtaining dimensions in 


| inner and outer rings, parallelism of sides, eccentricity, 
| groove parallelism with sides and other significant meas- 


urements. It also prescribes methods of measuring internal 
fit and tolerances for side run-out of lock nuts. Copies may 
be obtained from the American Standards Association, 
New York 17, at $0.50 each. 


Anti-Friction Bearings—Under the sponsorship of The 
Anti-Friction Bearing Manufacturers Association, the 1942 
limited standards specification covering anti-friction ball 
and roller bearings and parts has been revised and extended 
to include all standards that have been approved. To make 
the publication more usable, the standards have been di- 


| vided into ten sections, each separately bound and included 


in a ring binder. Sections are: Terminology and Definitions 


| for Anti-Friction Ball and Bearings and Parts; Boundary 


| fication Code; 


Dimensions; Standard Bearing Tolerances; Bearing Identi- 
Recommended Practice for Domestic and 


| Export Packaging; Bearing Mountings; Bearing Mounting 


Accessories; Method of Evaluating Load Ratings of An- 
nular Ball Bearings; and Steel Ball Standards. Copies may 
be obtained from the Anti-Friction Bearing Manufacturers 
Assocation, 60 E. 42nd St., New York 16, for $5. 


Adhesives—Second compilation of ASTM Standards on 
adhesives contains all 15 standards relating to the field. New 
material in this edition includes tests for: impact strength 
for adhesives; strength properties of metal-to-metal adhe- 
sives in shear by tension loading; and cleavage strength of 
metal-to-metal adhesives. Copies of the 60-page booklet with 
paper cover are available from the American Society for 
Testing Materials, 1916 Race St., Philadelphia 3, at $1.25 
per copy. 


ELECTRICAL MANUFACTURING 





i at, ee ee, ee es 


NEW MANUALLY- OPERATED “STICK” WINDER GETS “ELECTRICAL 
MANUFACTURING” DESIGN AWARD - UNIVERSAL NO. 108 


A fully automatic coil winding 
machine pays its way only when 
the runs are long enough to justify 
the expense of the set-up time re- 
quired. 

Since many coil lot sizes are 
small, only a portion of the market 
requirements can be filled eco- 
nomically by the use of automatic 
machinery. 

This situation, together with the 
obsolete condition of many of the 
manually-operated winders in the 
electrical and electronic parts in- 
dustries created the necessity for 
developing a manually-operated 
winder of modern design to sup- 
plement the automatic type. 


No. 108 COIL WINDER 


The No. 108 Coil Winder was 
developed by the Universal Wind- 
ing Company to meet the demand 
for a modern manually-operated 
machine to wind paper-insulated 
coils in multiple or “stick” form. 

Its design received an Honor- 
able Mention Award in the 11th 
Annual Product Design competi- 
tion sponsored by “Electrical Man- 
ufacturing.” 
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Wnversal Winding Company 


IND. ab COU, WINDER) 


The objective of Universal en- 
gineers was to produce an inte- 


grated unit, clean and functional, 
with labor-saving features which 
would warrant replacement of 
present equipment, and with a sell- 
ing price low enough to be attrac- 
tive to the predominantly “job 
shop” type of market characteris- 
tic of the ever-changing electrical 
and electronic parts industries. 
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No. 108 Coil Winder. 


After extensive field surveys 
and an analysis both of suggestions 
made by electrical engineers, su- 
perintendents and operators, and 
of their criticisms of existing ma- 
chinery, our engineers determined 
upon the basic principles for the 
108 Coil Winder that are incorpo- 
rated in the following outstanding 
features. 


Quick Set-Up All machine 
functions are built around the idea 
that quick set-up and finger-tip 
control are the best means of cre- 
ating savings in the use of skilled 
labor during machine set-up. 


Flexibility The machine can 
be adjusted quickly to accommo- 
date changing requirements of 





Note convenience of controls. 


wire size, coil length and diameter. 


Accessibility Operations in- 
volved in preparing and finishing 
coils vary from job to job, but 
access to the coil stick is complete- 
ly unhampered and all coils are 
readily processed. Accessibility 
features are also provided for ease 
of maintenance and adjustment. 


Simplicity Since operators of 
this type of machine are usually 
women and may be disturbed by 
any complexity of controls and ad- 
justments, the simple external ap- 
pearance of this machine promotes 
confidence. 


Cost Compared with an auto- 
matic machine winding the same 
type of coils, the cost of this ma- 
chine is very modest, considering 
its efficiency and the high quality 
of its construction. 


Bed The bed is a single cast- 
ing, extending the full length of 
the machine, and is of aluminum 
to cut down weight. The support- 
ing columns are made of single 
steel sheets, formed and welded 
and are braced at the bottom by 
steel straps which serve as feet. 
The left-hand one houses the mo- 
tor and drive mechanism and the 
right-hand one is a cupboard for 
the operator’s personal belong- 
ings. 

For free literature on design 
features, write for “Getting the 
Most from Coil Winding No. 14.” 


UNIVERSAL WINDING COMPANY 


” P. O. Box 1605 Providence 1, R. I. 
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Induction Heater Redesigned for 
Increased Safety and Simplicity 
(Continued from page 119) 








HA 


ject have been met. The three most important features 

KNURLED SOCKET HEAD in terms of performance and user operation are: 
1. Close-coupled output eliminates tuning, load ad- 
SHOULDER SCREWS justment and matching transformers and permits 
push-button control. 


2. High frequency output enables faster heating of 
small pieces, especially non-magnetic materials. 


Design objectives set up at the beginning of the pro- 


3. Machine-tool type of terminal and fixture design 
give increased heating current and quick accurate 
replaceability of work fixtures. 

Although designed as an induction heater, the unit 
can be easily converted to a dielectric heater. By replac- 
ing the front panel and load terminals with a vertical- 
slide door and a pantograph linkage carrying adjust- 
able heating plates, the induction heater is changed to a 
dielectric heater as shown in Fig. 6. It is identical to the 


induction heater except for the output circuit and the 
| slide door. OOo 








Relay Circuit Ideas 
Taken from Telephone Practice 
(Continued from page 116) 





Also shown is a method whereby any combination of 
| the relays, after being operated individually from their 


“HEAD AND SHOULDERS” | es : 
source by the corresponding combination of switches, 
ABOVE THEM ALL | may be held operated by one common steering relay. 


This allows the use of momentary make switches for the 

closing of the various operating circuits. Going a step 

further, the steering relay may be equipped with transfer 

UNBRAKO Socket Head Shoulder Screws with Knurled contacts of the break-make type which feed from the 

momentary operating switches so that upon the opera- 

tion of the steering relay all the control circuits will be 

. . . but are useful for many machine applications. transferred to a second group of “Christmas Tree” 

relays after all the momentary contacts have been re- 

stored to normal. This is a simple and quick method of 
controlling several group functions in sequence. 

Earlier in this article it was mentioned that the slow- 


Heads... are preferred by die-makers everywhere 


Their knurled heads provide a slip-proof grip—even 


if fingers and heads are oily or greasy — thus 


materially speeding production. | to-release relay was one of the main building blocks in 
_ the operation of automatic telephone systems. The well- 
; : known Strow step-by-s tomatic telephone 

UNBRAKO Shoulder Screws are available in full range mnowa Stomper eup-by-siep sulemeic seny 


switch, used throughout the world in automatic tele- 
phone systems for over fifty years, is a perfect example 
of how timing by means of relays allows transfer of 
functions and control of circuit operations. 

There is, of course, no limit to the number of circuit 
combinations that can be devised to meet the needs of 
the product design engineer. All that can be done here 
is to suggest a few of the basic circuit elements which 


of standard sizes—other sizes to special order. 


Write for further details, today. 












Knurled Head Socket Cap Screws Knurled Head Shoulder Screws : . 
Sled Ghent Gece Cen Saou ic lailiatii tia hen | experience has shown to be both practical and useful. 
Self-Locking Socket Set Screws Fully-Formed Pressure Plugs | Their adaptation, singly or in combination, to specific 
cases is limited only by the ingenuity of the engineer 

who wishes to put them to use. 

It is essential to emphasize one factor that all circuit 
-$P STANDARD PRESSED STEEL CO. designers should keep in mind: The most practical 
JENKINTOWN 9, PENNSYLVANIA approach in making up a circuit is first to “overdesign” 
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To win the approval of manufacturers to the 
point where their specification sheets indicate a 
preference for your product implies more than 
mere excellence of design. Delco, for example, 


has won the approval of appliance manufac- 
turers in two ways: 


First, by making millions of motors which have 
proved their dependability on millions of appli- 
ances over a long period of years. 


Second, by maintaining a flexibility of supply 
which functions even when unusual conditions 
in the market necessitate changes in specifica- 
tions and deliveries. 


The experience of others is often the best guide. 
Delco motors, designed to meet specific torque 
and service requirements, are available in sizes 
from 1/8 h.p. up. 


For complete information on 
all types and sizes of Delco 
motors contact the nearest 
Delco office listed below. dolled 


DELCO MOTORS 


DELCO PRODUCTS 


Division of General Motors Corporation, Dayton, Ohio 
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On parts like these... 


You'll do better at Auburn 


These are typical of the parts produced by Au- 
burn’s automatic rotary molding machines; many 
‘millions of such parts have been turned out by 
Auburn during the past 14 years . . . at low prices. 

You too can save money, get top quality, and 
the well-known Auburn service 


1. if the part is either phenolic, urea, or alkyd; 


2. if the size is not over 2” in diameter or 
equivalent area; 


3. if you can order at least 100,000 at a time. 


If the part is threaded either internally or 
externally, so much the better. Auburn’s ma- 
chines unscrew such parts automatically. 


Auburn molds any plastic material . . . by any 
modern method . .. and offers complete en- 
gineering. 

The “know-how” we have gained through 74 
years is at your service. Write Auburn Button 
Works, Inc., 460 McMaster St., Auburn, N. Y. 


COMPRESSION, TRANSFER, AND INJECTION 
MOLDING, AUTOMATIC ROTARY MOLDING FOR 
MASS PRODUCTION, EXTRUDED ELASTOMERICS, 
REINFORCED PLASTICS (Fiberglas), MOLD ENGI- 
NEERING AND COMPLETE MOLD SHOP 


NC me 


AUBURN Le YORK 


it and make it work. Then, by observation and study, 
the designer will usually find he can combine the 
functions of two relays into one; or, in the same 
manner, reduce the number of springs on one or more 
of the relays. Also, he will usually find, after reworking 
the circuit, that certain extra circuit functions will be 
available which will improve operation or expand the 
scope of the results towards which he has been working. 
Another very important point in any circuit design 
work is to be careful to check the circuit for feedbacks. 
These feedback circuits usually are not readily seen, 
and the designer will find it helpful if he will break his 
circuit down into individual components to 

sure he is safe. 


Application of 


Low-Loss Plastics 
(Continued from page 83) 


It is probable that low degree of unsaturation and non- 
polar qualities are desirable attributes for better corona 
resistance, as these characteristics are less susceptible 
to ionizing influences. 


New Trends in Low-Loss Materials 


Alkyds. Among the thermosetting compounds noted 
for their loss dissipation factor and low loss factor, the 
relatively new mineral-filled alkyds are receiving con- 
siderable attention. Their properties are worth review- 
ing here: Arc resistance (over 190 sec by ASTM 
D-495—48T) is owing in part to the mica filler. 
Density is 2.2 gm per cc. Modulus of elasticity, 2,500,- 
000 psi. Heat-distortion temperature range is 350- 
400 F. 

Most unusual features of the mineral-filled alkyd 
molding composition center about their fast curing 
properties. Because the materials are quite limited in 
their time duration of flow—usually not more than 2 
or 3 sec—they cannot be molded by conventional hy- 
draulic molding techniques, but require a very fast 
operating press. This characteristic has been turned 
to advantage by employing rapid closing, smaller 
pneumatic presses and more rapid curing cycles, as 
short as 10 to 15 sec for some of the smaller pieces. 
Molding temperatures average about 300 F and in 
general molding pressure average less than conven- 
tional pressures, though these are dependent on the 
mold design and the rapidity with which the material 
reaches mold temperature, the rate at which the pres- 
sure is developed and the resistance offered to flow. 
Because of the short time duration of flow, these fac- 
tors are critically interdependent upon one another. 
Mold designs preferred are of the truly positive vari- 
ety, as the landed semipositive or flash molds do not 
produce as dense an article, because of the fast set- 
ting qualities of the material, which may set up pre- 
maturely on the lands. 

It is not surprising that the mineral-filled alkyds are 
extensively employed in electrical applications. Typi- 
cal are the molded base and electrical insulating com- 
ponents of the magnetic motor starter shown in Fig. 4. 
Not only is high arc resistance important to this ap- 
plication, but so is the processing advantage of fast 
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Pe PLASTIX 


“es ELECTRICAL TAPE 


es 
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srectRical TAP 
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ROLLS TO 
RE-USABLE 
CONTAINER 
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Superthin Construction with High Dielectric Resistance 
..-Conforms readily to irregular surfaces 


DUTCH BRAND PLASTIX Electrical 
Tape is made by the manufacturers 
of electrical tapes for the past forty 
years. It is made with a full under- 
standing of electrical requirements. 
You'll find Plastix is used in those 
many places where space is limited 


and a superthin tape is needed. 

DUTCH BRAND PLASTIX Electrical 
Tape is the result of careful study 
and research and meets the recog- 
nized high quality standards estab- 
lished by all other DUTCH BRAND 
electrical tapes. 


FEATURES THESE MANY OUTSTANDING QUALITIES 


TEARS READILY ,,.in spite of its strength 
and stretch. 

CONFORMS TO IRREGULAR SURFACES ,,, 
superthin, great flexibility and stretch 
make excellent conformity. 

RESISTS WEATHER _.. rain and rough 
weather do not affect it... favorably 
withstands relatively high or low tem- 
peratures. 

RESISTS ACIDS, ALKALIES, CORROSION 
ee. wherever present...in chem- 


ical plants, around machinery, etc. 


EXTRA-HIGH DIELECTRIC RESISTANCE .,, 
a single thickness resists 8000 volts 
which is greater than 1000 volts- per 
mil of thickness. 
the adhesive and the even coating 
assure excellent adhesion. 


TENSILE STRENGTH ... it is strong... 
has ample strength for all types of 
applications. 


Order From Your Jobber 


VAN CLEEF BROS [NC. 


Manufacturers... Rubber Products . Est. 1910 
CHICAGO 19, U.S.A. 





WAGNATROL PV ALVES 


AMA Woe ULL ur 
DEPENDABLE 
TTT 


You get automatic—dependable 
—accurate control of liquids or 
gases with Magnatrol Valves. You 
can quickly install these electro- 
magnetic valves for use in con- 
junction with . . . thermostats, 
pressurestats, float switches, time 
switches, etc. You can use them 
with manually operated switches 


to obtain remote control. Ease 
of access makes maintenance 
simple. 


Available in normally closed or 
normally open models. Pressure 
ranges from zero up to 300 PSI. 
A. C. to 575 volts, 25, 50 or 60 
cycles. D. C. to 250 volts. 


FREE CATALOG! 


for complete literature containing specifications, sizes and 
dimensions. 


Write today, attention E. W. Brockman, 


UR Ve ere 


HAWTHORNE 4, NEW JERSEY 
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ALUMINUM MONEL EVERDUR 
IMMEDIATE DELIVERY sSev27 CATALOG ON REQUEST 
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NICKEL ALLOY STEEL 


S7~ NAVAL BRONZE STEEL BRASS 
Ba y , : ; 
SU oe er ker | 
127 CHURCH ST. NEW YORK 7, N. Y. 








production. Sealing disks for electrolytic capacitors, 
coil forms and insulation strips for television tuners, 
and multiprong connectors for use at high frequen- 
cies find further advantages in the low dissipation fac- 
tor of the mineral-filled alkyds. For some of the more 
difficult designs, a soft paste-like alkyd molding 
composition has been prepared, though storage condi- 
tions are more critical, requiring refrigeration until 
ready for use. As the materials come up to room 
temperature they must be molded immediately. 

Low-Loss Phenolics. Still the most widely used 
thermosetting molding compounds for use at high fre- 
quencies, low-loss phenolics are specified for the 
many applications where their high heat distortion 
temperature and dimensional stability are of paramount 
importance, such as molded low-loss phenolic crystal 
holders (see Fig. 5). Improved grades have been 
offered by phenolic molding compound manufacturers, 
both in the lower dissipation factors and shorter curing 
cycles. 

Thermoplastics. As economical, available molding 
materials, polystyrene and polyethylene have fulfilled 
requirements for rigid and semirigid low-loss plastics. 
Limited in maximum temperature of operation, they 
nevertheless find many applications such as bushings, 
insulating spacers for coaxial cables, and wire cover- 
ings, which require maximum efficiency at high fre- 
quencies. Their more recent trends are in the field of 
miniaturization, where they are utilized in formulations 
of potting components to insure maximum stability of 
electrical components in small spaces, and to improve 
heat transfer qualities. Considerable development is in 
progress at present which should produce significant 
contributions from low-loss thermoplastics. 

Potting resins, as a matter of fact, play a critical part 


in miniaturization work and special Armed Services re- 7 


search and developments contracts have been set up to 
investigate new compounds. Particularly interesting is 
the recent group of castor oil polyurethane resins de- 
veloped under such sponsorship at the Princeton Uni- 
versity Plastics Laboratories. 

Polyesters. As low-pressure laminating compounds, 
polyesters and unsaturated alkyds are inseparable from 
the problems of high-frequency radiative systems. 
While the current developments are not advanced 
sufficiently to make quantitative evaluations, the in- 
clusion of low-pressure laminates in guided missiles 
is a foregone conclusion. In all probability, not only 
must the loss factors of the bonding resin be subject to 
careful scrutiny, but also the innate qualities of the 


glass fibers themselves. ooo 
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The well known characteristics of 
_ polyethylene is now available in 
calendered tape form. Usual thickness 
004, .007, .10. Widths as specified. 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT © WOODBRIDGE, N. J. 
Varnished Cambric Cloth Varnished Fiberglass 


Other WVarlex Product Varnished Cambric Tapes “Varslot” Combination Slot Insulation 
Varnished Duck Synthetic Resin Extruded Tubing 
: Varnished Silk Substitutes Cable Wrapping Tapes 


MAY 1950 













range of uses, ruggedly built 


ZENITH 


INTERVAL 
e TIMERSe 


Exactly time and control electrical 
equipment from 0 to 60 sec. seconds, 
te 0 to 60 min. by minutes. For 


© Plastic Molding, Rubber Curing, Heat 
Treating. 





























* Enamel Baking, Liquid Agitation, 

Light Exposure. 

Blower, Pump, and Conveyor. 

¢ Processing Machinery, Samplers, 
Laundry. 

© Therapeutic and Diagnostic Ap- 
poratus. 

e Beauty, and Photographic Equipment. 
Blue Printing. 

Setting knob directly connected to switch 

com. (NOT set thru clutch.) Self-starting 

slow speed motor. All working parts com- 

pletely enclosed 
Send for fully descriptive Bulletin 
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Simple accurate timing for wide 


longest service AT LOW COST! 


ZENITH ELECTRIC Co. 


152 West Walton Street Chicago 10, Illimois 
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Manually pre-set 500 Series. 
Steel case. 3” x 5” x 234” 


a saving in price 





can add to your 
cost when you 
buy any but the | 
best of fasteners! 


The price of a good 
fastener is Jow—in terms 
of final product cost. 


But the final cost of 
an ordinary fastener 
can be many times its 
price —in terms of 
high assembly cost. 


So we think it’s 

reasonable to say—‘‘ You 
may buy a cheaper 

fastener than a Scovill — 
but you’ll never 

find one that costs less!”’ 


RECESSED HEAD SCREWS + SEMS © TAPPING SCREWS 
STANDARD MACHINE SCREWS «+ SPECIAL COLD HEADED PARTS 


14) 
\ wT FASTENERS 
' A 


INDUSTRIAL FASTENER SALES, WATERVILLE DIVISION 
SCOVILL MANUFACTURING CO.. WATERVILLE 14, CONN. 


New York « Detroit « Wheaton, Ill « Los Angeles « Cleveland « San Francisco 





New Single-Phase Motors 
in Integral-Horsepower Ratings 
(Continued from page 111) 


special conditions where the ratio of starting to full- 
load torque is excessive. 

Fig. 15 shows two speed-torque curves of the repul- 
sion-induction motor. Curve 4 is for a motor designed 
for such applications as air and refrigerator compres- 
sors, pumps, stokers, floor surfacers, and such farm 
applications as barn hay curing, wood sawing, silo 
filling, hay blowing, cold storage, and feed grinding. 
Curve B shows this same general type motor modi- 
fied for reversing duty. Such a motor is used primar- 
ily for cranes, hoists, and similar devices. It has about 
10 per cent less locked rotor torque than the single 
direction motor, approximately 15 per cent less maxi- 
mum torque, and about 8 per cent speed regulation 
compared to 6 per cent for the other. It is normally 
rated 50 C rise for 1 hr as compared to 40 C continu- 
ous for the single direction motor. 

Fig. 16 shows the speed-torque and speed-current 
curves of a repulsion-start induction-run motor. This 
is the type where the short circuiter converts the motor 
from one of the repulsion type to one of the induction 
type while it is coming up to speed. Note that the 
current is low while the motor is operating as a re- 
pulsion motor, but jumps to a definitely higher value 
at the instant it is converted to an induction type. 
This increase in current is the main reason why it is 
hard to satisfactorily protect this type motor with 
thermal overload devices. Overload protection is often 
furnished by means of a thermostat mounted inside the 
motor that reacts to current and motor temperature. 
A device that is actuated by current alone, and mounted 
outside the motor in the starting switch, is also used. 


Problems in Overload Protection 


Referring to Fig. 16, it will be seen that a motor 
operating at 175 per cent full load draws a current of 
approximately 175 per cent. If the motor is over- 
loaded and slows down to the point where the short 
circuiter drops out, it then operates as a repulsion 
motor. Then, when the current reaches 175 per cent 
of the full-load value, the load is 345 per cent of rated 
load. This heavy overload results in the armature 
burning out before the protector can function. If the 
motor is not overloaded beyond the breakdown point, 
this type motor can be as well protected as the capac- 
itator motor which draws more current during the 
starting period than during the running period. Re- 
pulsion-start induction-run motors are frequently used 
on compressors, saws, machine tools, and pumps. 

Speed-torque curves of a capacitor-start induction- 
run motor and a capacitor-run motor are compared in 
Fig. 17. In Fig. 18, performance curves of the same 
two motors are presented. The capacitor-run motor 
has better efficiency and power factor, less locked cur- 
rent and is quieter. 

Typical applications for either type include domestic 
and commercial refrigerators, coal stokers, oil burners, 
various machine tools, meat and coffee grinders, aif 
compressors, pumps and conveyors. 

It is not possible to operate a capacitor motor with 
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CLEVELAND 


COSMALITE* 
AND CLEVELITE* 
They are made to meet the most exacting specifi- LAMINATED PHENOLIC 
cations as to their physical and electrical proper- TUBE 
ties, for wide uses in electrical equipment. UBES 


Available in diameters, wall thicknesses and Possess outstanding advan- 


lengths desired. ° 

m tages for quality performance 
They are accepted as the standard in the Radio at low cost. 
and Television Industries. 


For the best . . . “Call Cleveland.”? Samples on request. | 
* Trade Marks 


Ye CLEVELAND CONTAINERG! 


6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES at Plymouth, Wisc., Chicago, Detroit, Ogdensburg, N.Y., Jomesburg,N.J. fF 
ABRASIVE DIVISION at Cleveland, Ohio 
CANADIAN PLANT: The Cleveland Container, Canada, Lid., Prescott, Ontorio 


Ask about the many advan- 
tages of these spirally wound, 
paper base phenolic tubes in 
various types for special pur- 
REPRESENTATIVES 
CANADA WM. T. BARRON, EIGHTH LINE, RR #1, OAKVILLE, ONTARIO 
Ferenc. | RT. MURRAY, 614 CENTRAL AVE, EAST ORANGE, NJ. 


NEW ENGLAND —. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 


poses. 










Another Important Development in the Series of 


POWER 
RELAY 
with 
BUILT-IN 
DELAY 
FEATURE 


...factory set 


from - to 3 seconds 


Again we announce an important development in the 
long line of ASCO Electromagnetic controls . . . this time 
a Fixed Delay Relay for use with Automatic Transfer 
Switches. With this Relay, you can set a Transfer Switch 
so that it will not throw on transient outage until a pre- 
determined period—'2 to 3 seconds—is passed. This 
avoids switch operation when power loss is only 
momentary. 

it’s a magnetically held Relay without dash pot, 
motors, or moving parts in the time element. Its unique 
built-in fixed time delay arrangement disengages on 
any selected value between 2 and 3 seconds. It has 
utility power construction and is rated at 25 amperes 
with single or double throw. It’s the Relay now used on 
many ASCO Transfer Switches to guard against momen- 
tary outage due to transient conditions. 

Possibly this is the very Time Delay Relay (Bulletin 
1054-188S) you have been looking for. Write us about 
your requirements and let's see. 


We also manufacture a complete line of 
Solenoid Operated Valves for Automatic 
and Remote Control of Liquids and Gases 


Automatic Switch Co. 


393 LAKESIDE AVENUE + ORANGE, NEW JERSEY 


AUTOMATIC TRANSFER SWITCHES ° 
CONTROL SWITCHES © CONTACTORS ¢ 


REMOTE 
RELAYS 


the starting winding in the circuit for as long a period 
of time as a repulsion-start motor with the armature 
not short circuited. However, because of the higher 
current drawn during this period, it is much easier 
to furnish adequate overload protection for the capaci- 
tor motor. 

In order to permit the application engineer to get 
an approximate idea of the performance to be ex- 
pected from these various types of single-phase motors, 
typical data are tabulated over the complete horse- 
power range. Table IX is presented to show the 
major performance figures of both capacitor-start in- 
duction-run and two-value capacitor motors. These are 
from one of the leading manufacturers of this type mo- 
tor who does not make the repulsion-start induction-run 
motor. 

Table VIII is set up in a similar manner but for re- 
pulsion-start induction-run moters and for repulsion- 
induction motors. The repulsion-start induction-run 
motor uses a short circuiter, while the repulsion-in- 
duction motor is the type with embedded squirrel cage 
that does not use a short circuiter. 

Table X shows the performance figures of a repul- 
sion-induction motor made by another manufacturer. 
The figures indicate that while various manufacturers 
have no standard limits nor do they publish guaranteed 
values of performance, the differences in performances 
are seldom great between reliable manufacturers. These 
tabulations will also help the reader to choose the right 
motor for his application, provided he has made accu- 
rate load tests on his own equipment. Motors are some- 
times applied incorrectly because the user has no accu- 
rate information on the requirements of his machine, 
and when he guesses wrong, the common practice is } 
to blame the motor. 


Operation on Poorly Regulated Lines 


Faulty motor operation may also be attributed to 
inadequate voltage on the line. Manufacturers of mo- 
torized farm machinery should supply their rural agents 
with information on adequate wiring for the farm. 
If the ultimate user were made to realize that the 
torque of any motor varies as the square of the volt- 
age, he would not be so conservative with wire and 
would thereby avoid trouble with motors failing to 
start or breaking down on overload. With a 10 per cent 
voltage drop, for instance, there is only 81 per cent ef- 
fective torque. The wire size required for any installa- 
tion is governed by the current drawn by the motor and 
the length of the line. In the case of the larger horse- 
powers, it is necessary also to check the transformer 
capacity and the wiring from the transformer to the 
farm. 

An article on integral horsepower single-phase elec- 
tric motors would not be complete without some men- 
tion of circuit protection. The power line comes in to 
fuses or to a circuit breaker. It then goes to protected 
branch circuits. Normally the motor will be protected 
by a thermal overload relay either in the starter or in 
the motor. The circuit will be protected against short 
circuit damage by fuses. Usually their rating will not 
exceed 300 per cent on the full-load current of the 
motor. The National Electrical Code gives this in- 
formation in detail. ooo 
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When you make machine tools, you have no control over the 
operating conditions. But the tools are expected to perform 
regardless—in spite of dirt, sawdust, filings, or oil splashes 
that may prevent a motor from even starting. Which is why 
more and more manufacturers power their products with 
Hoover Motors! 


Hoover 1 and 1%-horsepower capacitor-start motors get 
going on cue even under dusty, dirty conditions... for 
Hoover's centrifugal starting switch, with its oversize electric 
contacts of pure silver, is completely enclosed in a dustproof, 
dirt-proof external switch housing. No foreign matter gets in 
to lodge between contact points and cause trouble. And, when 
necessary, the switch can be readily reached simply by remov- 
ing its cast-iron cover. 


So specify Hoover Motors—to give your equipment AND your 
reputation a clean start! 


MAY 1950 


HOOVER 


ELECTRIC MOTORS 
give your reputation a clean start! | 

















“HOOVER” NEW NAME FOR K-C MOTORS 


Motors made by the Kingston-Conley Division of 
The Hoover Company have long been known as 
‘““K-C Motors.” In the future, these same fine mo- 
tors will bear the name of the parent company— 
maker of the world-famous Hoover Cleaner. Stand- 
ards of design, construction and performance con- | 
tinue as high as ever—outstanding in the industry. | 


THE HOOVER COMPANY (ee 
North Canton, Ohio (} 
Kingston-Conley Division 
72 Brook Avenue, North Plainfield, New Jersey 
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How to Use the Oscilloscope 
as a Design Tool-I 
(Continued from page 89) 








tinuously for a long period it will destroy the fluores- 
cence at that point. This can be avoided by turning off 
the beam or reducing its intensity to a low value when 
wedeelir Bitter tor | the oscilloscope is energized but not actively used. 

Raia cession ‘aew- Part i , to appear in the July issue, describes specific 
ia ath Raa Dale he engineering tests for which the oscilloscope offers un- 
a Me tae toa usual opportunities for effective aid. For frequency 
ane measurement and harmonic analysis, arc suppression in 
ing manufacturers of circuits involving ferromagnetic materials, braking rate 
of motors, torque measurement, and other design prob- 
lems, typical case histories and detailed instruction will 
be presented as a guide in using a cathode-ray oscillo- 
scope in solving design problems. ooo 


household cleansers. 
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Ceramics as Insulators and 
Dielectrics 
(Continued from page 105) 





good mechanical strength and virtually zero water ab- 
sorption, at the same time possessing a reasonable firing 
temperature range. The latter has been accomplished 
by precalcination or firing at a lower temperature 
(1200 C) a mixture of talc, magnesia carbonate and 
clay. The calcined mixture is then blended with kaolin 
and bal! clay and fired at 1300 C. These bodies were 
found to have good dielectric strength—200-220 volts 
per mil as compared with 100 volts for standard cor- 
dierite bodies—but fairly high loss factors—0.115 to 
0.325 (Grade L-1). Dielectric constant ranged from 
4.7 to 5.5. 

The dielectric quality of an insulator used at high 
temperature may be judged by its T, value—the tem- 
perature at which 1 cm cube of the material has a re- 
sistance of one megohm. The chart (p. 200) shows 
comparative values for a number of ceramic materials. 
(3) Cordierite does not show up asewell as it does for 
thermal shock (highest of all) so that compromises are 
often indicated in the selection of the best material. 
Experiments have been made to increase the thermal 
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DRIVER-HARRIS 


ELECTRONIC TESTING 


Obsoletes Previous Methods 
of Testing Enameled Wire 


Insulation 





In order to guarantee the quality of a spool of enameled 
wire, every inch of the wire should be checked for dielectric 
faults, not just a few feet. In general practice, however, 
only a short sample of wire is examined. This is passed 
through a mercury cup held at a fixed potential, and shorts 
through the insulation are indicated on a voltmeter. If 
faults do not exceed a specified maximum for a given 
length of wire, insulation throughout the entire spool is 
assumed to be satisfactory. 


This inefficient, compromise method has two important 
disadvantages: (1) the small portion of wire tested may not 
truly represent the condition of insulation throughout the 
spool; (2) insulation failures are not discovered until long 
after the enameling process is completed. 


By checking insulation continuously, as wire leaves the 
enameling furnaces—the only 100% dependable way— 


Makers of world-famous Nichrome* and over 80 
alloys for the electrical, electronic and heat-treating fields 


Driver-Harris Company 


HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Los Angeles, San Francisco 


Manufactured and sold in Canada by 
The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 
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This revolutionary Dielectric Continuity Tester at 

Harris checks the quality of coating on 19 strands of wire 
simultaneously —as the wire leaves enameling furnace 

Tap switches on the test units are calibrated in impulse 

per minute required to operate an alarm. With the speed of 
the wire known. and also the maximum number of faults 


per 100 feet permitted by specification, each test unit ts 


readily set to operate in conformance with the terms of the 


test imposed. 


Driver-Harris’ new test equipment obsoletes such ineffectual 
and wasteful procedure. 


So long as specifications are met, the new Driver-Harris 
electronic tester permits the enameling process to continue 
uninterrupted. When the rate at which faults occur ap- 
proaches the maximum number of faults permitted by speci- 
fications, the test mechanism sounds an alarm and a 
record is made on a moving chart. 

In this way, enamel coating is not only tested for con- 
tinuity throughout the entire length of spooled wire, but 
sub-standard enameling is detected—and can be corrected 
=—as soon as it occurs. 

Thus makers of wire-wound resistors—particularly in 
finer sized wire, where shorts are more likely to occur—are 
enabled to eliminate time-waste and ;material-waste in 
their production, and obtain superior, more dependable 
products. 





*T. M. Reg. U. S. Pat..O8. 
199 

















































and do you know WAY 7 


BOUND BROOK “COMPO” BEARINGS 


such as the self-aligning and flange bearings 

shown here, provide these advantages: 

@ impregnation with oils and lubricants devel- 
oped especially for fans by Bound Brook 
engineers 

@ lubrication for long, dependable service 

@extremely quiet operation. 


@ made from pure metal powders 

@ die-formed to shape 

@ alloyed at high temperatures 

@ finished to precise dimensions, AND 
@ vacuum-impregnated with lubricant 


CONSULT OUR ENGINEERS 












Values close to aluminum 
have been obtained from a porcelain containing 80 per 
cent or more beryllium oxide combined with oxides of 
aluminum, thorium and zirconium plus small amounts 
of magnesium oxide. Some of these ceramics possess 


conductivity of ceramics. 


TEMPERATURE 
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Ceramic dielectric materials for high temperature opera- 
tion compared by their T, values, i.e., the temperature 
at which a l-cm cube has a resistance of 1 megohm. 





extremely high compressive strength—up to 275,000 psi. 

Alumina in practically pure form was developed as 
a spark plug insulating material in Germany. Patent 
rights were acquired here in 1931 and alumina has been 
used as a spark plug material up to the present. The 
alumina insulation structure is developed from the 
recrystallization of finely ground alumina or corundum 
(Al,O,). Partial substitution of alumina for flint in 
electrical porcelain adds to the hardness and ability to 
withstand high temperatures. (8) Alumina bodies are 
made with both dense and porous bodies. The latter 
will withstand temperatures up to 2620 F, while the 
latter has a modulus of rupture of 26,000 psi, over three 
times that of dry-process porcelain. These character- 
istics make alumina ceramics suitable for donut tubes 
for cyclotrons. Aluminum oxide ceramics have physical 
properties close to some metals and have been sub- 
stituted for them. Applications include check valve balls, 
pump rods, mechanical seal parts, bearings and bush- 
ings. Continuing research work is being carried on in 
these ceramic materials. 

An example of high production techniques applied 
to ceramics is the injection molding of alumina spark 
plug bodies. (9) This is made possible by mixing a 
thermoplastic resin and a plasticizer with the ceramic 
constituents, heating the mass in the cylinder of an 
injection molding machine to a plasticizing temperature 
and injecting into a cold multiple-cavity die. After 
being withdrawn from the die, the insulators are 
heated slowly to volatalize the plastizer and partly cure 
the resin. Firing at a high temperature (3150 F) com- 
pletes the vitrification and drives off the resin. 

Ceramics containing talc as the principal ingredient 
(70 to 95 per cent), called steatite, were first used 
as spark plug insulators until radio and wartime elec- 
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Will these qualities improve your 
product? If so, we'd like to help you 
a UC 


GLASS YARNS 


In a full range of types and packages 
for electrical insulating applications 


Vitron Glass Yarns are being used by leading processors* 


@ to form long-lived magnet wire insulation 

@ to braid sleevings, tubings, wire and cable jackets 
@ to reinforce high dielectric plastic laminates 

@ to provide high strength low cost cable tension 


members (using either all Vitron yarns or a com- 
bination of Vitron and jute yarns) 


Vitron yarns are available not only in standard continuous 
filament 450's, 225’s and 150’s but also in a new low-twist 
300 which has helped magnet wire producers to cut costs 
more than 20% below previously used 900 and 450 yarns. 
Write for information and engineering consultation. 


*Names on request 


ELECTRICAL INSULATING MATERIALS 


GLASS FIBERS INC. - WATERVILLE, OHIO 


PHONE: WATERVILLE 22017 





SOL-REX 


REG. U. 8. PAT. OFF. 
Miniature Incandescent Lamps 
for all purposes 


Please inspect this lamp carefully. A tubular 120 volt 
4 watt pilot lamp, ideally suited to signal indicator applications, 
with exceptionally long life; is regularly furnished with cande- 
labra screw base. Overall size is: 9/16” diameter, 1-9/16" length. 
May also be used as a replacement for the glow-type lamps, espe- 


cially where greater degrees of illumination are required. 


The lamps illustrated above represent only a few of the 
many we now make for industry. Perhaps one of our present lamps 
may be the answer to your lamp problem. If not, perhaps we can 
develop the lamp you need. Won't you consult us on your next job? 


LAMP MANUFACTURERS FOR THE 
ELECTRICAL INDUSTRY SINCE 1911 


HERZOG MINIATURE LAMP WORKS INC. 


12-23 JACKSON AVENUE 
LONG ISLAND CITY 1, N. Y. 


= aa 
The CUYAHOGA SPRING @. 


SUBSIDIARY OF THE BARIUM STEEL CORP 
10270 BEREA ROAD * CLEVELAND 2, OHIO 





tronic applications took over. Their low-loss factors 
classify them as Grade L-3 to L-5 ceramic materials. 
Before the war many steatite insulators were machined 
from massive tale (soapstone). This method was 
dropped in the face of wartime demands, when produc- 
tion of steatite rose 1350 per cent. Today most of these 
ceramics are dry pressed or extruded and machined. 

Tales of a granular nature are found best suited for 
pressing. Particle size distribution has a great effect on 
shrinkage, which increases with particle fineness. (10) 


In order to obtain a ceramic component that is com- 
pletely dense and free from laminations, the core of this 
7-pin hermetically sealed socket is made of Grade L-5 
steatite, extruded and machined to shape, rather than 
pressed. The socket must be an effective barrier against 
gas leakage at high altitude in airborne equipment. Many 
problems were encountered in the machining of this odd- 
shaped ceramic and the application of silver conductors 
to discrete areas, with related soldering problems. After 
the steatite part has been machined, glazed and fired, 
silver paint is applied to the desired areas, fired, copper 
plated and tinned with a silver-bearing solder capable of 
withstanding a temperature of 200 C. Socket is tested in 
water against 50 psi air pressure. Component developed 
by General Ceramics and Steatite Corp. jointly with 
Cinch Mfg. Co. 


Shrinkage is also a function of compacting pressure, 
being inversely proportional thereto. (9-14 per cent). 
The dielectric constant and dissipation factor are also 
affected. Plasticity is partly obtained by addition of 
clay and organic binders, such as starch, gum, cellulose, 
acetate and polyvinyl alcohol. (11, 12) 

Steatite insulators are available in standard commer- 
cial forms, such as, cylindrical, square, rectangular 
and conical pillar insulators ; lead-in bushings, spreaders 
and strain insulators, tubes and coil forms, notched in- 
ductance support bars, coupling insulators, also co-axial 
cable insulators and hermetic seal terminals, caps, cry- 
stal cases and capacitor stators and rotors. Steatite tubes 
have replaced vulcanized fibre tubes as resister cores 
in radio and television components at less expense. 
Another large usage is electron tube spacers where ex- 
tremely high operating temperatures are encountered. 
Oil burner igniter tubes are a standard application. 
Steatite parts run from 20 to 30 per cent higher in cost 
than dry process porcelain. 

Ceramic envelopes for electron tubes are a possibility. 
They have expansion values closer to metals than 
glasses and hence are easier to seal. A typical composi- 
tion developed in Germany uses talc (82.5%) kaolin 
(11.65%), zirconium oxide (3.9%) and potassium 
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Why are €) motors 
extra dependable? 


Because 
extra care 
goes into 
their windings 
—"The Heart 
of the Motor” 


E.D. Manufacturing Skill and Superior Insulation 
Bring You Long Service, Great Dependability 


At Electro Dynamic, the secret of making tough, depend- 
able motors has been learned through 70 years of meet- 
ing and surpassing the rigid standards set by naval 
engineers and architects. The same proven manufactur- 
ing principles are applied in building today’s E. D. 
industrial motors. 


Now you can benefit from the special skill, the extra 
care and superior insulating materials that go into E. D. 
windings... the rugged construction of E. D. frames. 
You'll be amazed at the stamina and unfailing depend- 
ability of these fine motors. You'll be surprised that E. D. 
motors are competitively priced! 

Get all the facts on famed Electro Dynamic motors 
today. Write for illustrated literature. 


Also a Complete Line of DIRECT CURRENT 
Motors and Generators. Literature on Request. 


ELECTRO 
DYNAMIC 


Industry has learned what marine engineers have known since 1880 


IE * Division of the Electric Boat Company » Bayonne, N. J. 
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Loach RELAYS 


ARE PERFORMANCE PROVED! 


a2 2 ee 


AIRCRAFT RELAYS 


SPECIAL RELAYS 


You get better service from LEACH RELAYS because thousands of 
types of relays for thousands of applications have been proved-in- 
use for over 30 years. 


LEACH RELAYS are designed with an exceptionally high factor 
of safety for extra dependability. Simplicity of designs makes 
installation quick, easy and inexpensive. Get a// the facts and 
make your own comparisons. LEACH RELAYS’ outstanding per- 
formance, reliability, sturdiness and economy have been proved- 
in-use. 


Highest standards of engineering, materials and workmanship 
assure long, safe, efficient, trouble-free service. 


FOR BETTER CONTROLS THROUGH BETTER RELAYS—CONTACT LEACH 





SSIS AVALON BOULEVARD, LOS ANGELES 3. CALIF. 


Representatives in Pincipal Cities of U. S$. and Canada 
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feldspar (1.95%). Iron-nickel alloys are matched with 
the coefficient of expansion. “Alsimag 243” (forsterite 
—blood cousin of steatite) is finding use as an envelope 
material in the United States. (14) Its loss factor is 
only 0.0011 at 1 mc, compared to 0.008 for No. 707 
glass, and making this an L-5 grade ceramic. 

Steatites are poor in thermal shock, due to their high 
coefficient of expansion. Since zircon porcelain has 
excellent thermal shock resistance, attempts have been 
made experimentally to combine zircon with steatite 
compositions. (75) Adding barium zirconium silicate 
to talc and kaolin clay reduces the thermal expansion 
coefficient from 8.34 x 10-® for steatite to 6.69 to 5.67 x 
10-6. A mixture with 20 per cent barium zirconium 
silica withstood 32 more shock quenching cycles than 
the reference composition. Electrical properties were 
substantially unchanged. 

Latest development of a material having improved 
thermal shock is a composition worked up for the Signal 
Corps called Stupalith. (176) It is basically a lithium 
alumina silicate with a special crystal structure brought 
about by heat treatment. The material has withstood 
100 cycles from 2000 F to liquid air. It can be formu- 
lated to give a linear coefficient of thermal expansion 
of zero or a retractable low positive expansion or 
negative contraction (1.5 x 10°) compared with a value 
of 2.0 — 2.8 x 10°® for cordierite. The material can be 
formed by conventional methods. 

Silicone resins have been used to waterproof ceramic 
insulators, but these surface treatments are not perma- 
nent. Developments are going ahead on inherently mois- 
ture-repellent surfaces for steatite bodies. Glazing is one 
answer. There are two types: low-fire and high-fire, 
the first being a lead borosilicate glass frit applied after 
the ceramic body is fired, the second a feldspar glaze 
applied to the green body before firing. High tempera- 
ture glazes increase the loss factor, also the mechanical 
strength. Even the thermal expansion is affected by the 
glaze. Vitrified silicate glazes of high conductivity have 
been applied to high-voltage insulators to prevent radio 
interference due to corona effects. 

A material that falls somewhere between a ceramic 
and a cold-molded plastics is a stone-like inorganic plas- 
tic called Rosite. It is a calcium aluminosilicate of 
microscopic grain structure reinforced with asbestos 
fiber. The moist powder is molded in hardened steel 
dies under high pressure (6000 to 10,000 psi) and is 
hardened by application of high pressure steam in an 
autoclave after the piece is removed from the die. For 
electrical insulating applications the material is subse- 
quently baked and may be impregnated with moisture 
proofing waxes to maintain dielectric setrength, which is 
50-80 volts per mil. It has a heat resistance of 900 F, 
softens at 2000 F. Volume resistivity is comparable 
with porcelain. 


Hi-K Titanates 


Development of new ceramic materials as substitutes 
for mica in capacitors of small size is based on an 
observation made back in 1902 that a single crystal of 
titanium dioxide had a dielectric constant of about 173 
parallel to the principal axis and about 87 perpendicular 
to it. It was not until 1925 that this knowledge was 
first put to practical use. In recent years a tremendous 
amount of research had been done on the dielectric 
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* the BALDOR is “all work and no play” 
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... with true-running SKF 


Baldor’s 10-inch Series Grinder runs at 1700 rpm. providing a 
cutting speed of 4500 sfpm. . . . ample for metal cleaning and general 
grinding. sts Red Seal Bearings were used . . . thus, putting the 
right bearing in the right place. Why? Because these stsr 
Bearings are sealed to keep lubricant in and dirt out. Here, 
again, =csF has supplied the most efficient bearings for the 

job ... standard bearings with minimum width... 

maximum life . . . effective sealing. In designing electrical 
equipment, it’s sound policy to work with sisr En- 

gineers. Their heavy backlog of practical experience 

... their thorough knowledge of what each srs Bearing 

can do for you will be useful to you in planning for maxi- 

mum efficiency at minimum cost. SF INDUSTRIES, INC., 
PHILADELPHIA 32, Pa., the Pioneers of the Deep Groove 

Ball Bearing — Spherical Roller Bearing — Self- Aligning 

Ball Bearing. 7088 
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Details on request. 


D. M. STEWARD MFG. COMPANY 


Main Office & Works: Chottonooge, Tenn 
CHICAGO, D. G. Wilson, 749 Crescent Bivd., Glen Eltyn, ill. ¢ CLEVELAND, F. W. Lutner, 
5713 Euclid Ave., e NEW ENGLAND, P.O. Box 196, Needham, Mass., e NEW YORK 10, 
R. S. Chwistie & Co., 175 Fifth Ave., ¢ PHILADELPHIA 8, Associated industries, 401 North 
Brood St., e LOS ANGELES, Electrical Manufacturers Supply Co., 4116 Avalon Boulevard 









COPALAM 


Evectricat engineers now realize that 
COPALAM can be used to their advantage 
in high heat applications. Many pieces of 
equipment now using extremely expensive 
insulation can be safely insulated with COP- 
ALAM at a more reasonable price. 


COPALAM is made from combinations of 
glass cloth or glass cloth and high grade 


asbestos bonded with a special flexible resin. 
COPALAM has tensile strength in excess of 
15,000 Ibs. per sq. in., dielectric resistance 
of 600 volts per mil combined with heat re- 
sistance of 175 degrees C. COPALAM can 
be easily cut, punched, creased or formed 
into slot cells and other shapes. 


Samples and data on request. 
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¥., more than 


in the mass production 
of custom-designed tech- 


nical ceramic components 





70 years | 


we have specialized | 









properties of titanates—more than any other branch of 
ceramics. (See references 17-20 for partial list.) Titania 
is unusual in that it has a negative coefficient of capacity, 
Hence, to offset this, good ceramic condenser bodies 
consist of TiO» plus small amounts of one or more of 
titanates of barium, strontium, calcium, magnesium, 
beryllium or lead. In the laboratory barium-strontium 
titanates have been made with A’ values of 12,000 to 












Typical of the application of high-K titanate materials 
are miniature ceramic capacitors. The K of these titanates 
used in these Sprague Bulplate series is about 3500. 


18,000, compared to 5-6 for electrical porcelain. The 
difficulty has been to obtain a stable material. The K 
values decrease rapidly when the temperature is raised 
and they exhibit aging phenomena. Hence the materials 
commercially available are of much lower A value. 

Mature speciments have been made from mixtures 
of titanium dioxide with barium and strontium carbon- 
ates with dielectric constants varying from 34 to several 
thousand. Most of these specimens exhibited a large 
negative coefficient of dielectric constant, but not too 
great to prevent their use as bypass and coupling con- 
densers. They also have possibilities as temperature- 
compensating capacitors. Printed circuits usually are 
placed on titanate plates or tubes. 

Miniature capacitor plates have been made by press- 
ing dry powders to a disk 0,003 to 0.006 in. thick under 
a pressure of 20,000 psi, then firing for 1 hr at 1445 C. 
(19) Furnace atmospheres are critical and temperature 
control must be precise. Electric furnaces with con- 
trolled atmospheres are called for. 

Another field of application of titanates being actively 
investigated is as piezoelectric ceramic transducers. 
Phonograph pickups have been made of polarized 
barium titanates, as well as microphones, strain gages 
and accelerometers. 000 
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There is no question about the outstanding 
performance record of Packard fractional 
horsepower motors—their proved ability 
to create customer good will and increase 
the value and trade acceptance of your 
products. 





Hundreds of thousands of Packard quality 
motors—all marked by rugged design, 
expert workmanship and finest materials— 
stand as evidence of this superiority. 


Packard specializes in the manufacture of 
fractional horsepower motors. Our resources 
... Our experienced engineering and manu- 
facturing know-how in motor building 
have been concentrated for the past 34 
years in this one field. 


That’s why Packard’s reputation for plus- 
performance is described in capital letters 
—why it will pay you to specify Packard 
fractional horsepower motors . . . for quick 
service, complete satisfaction and lasting 


dependability. 
GENERAL 
MOTORS 
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Packard Electric Division, General Motors Corporation 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FOUR YEARS 
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TWO New electronic products 





with New 





advantages for you! 


STUPAKOFF 


Be GG) TORS 


Trimmer and Stand-off Ceramic Capacitors 

































TRIMMERS 


The ideal Trimmers for 

standard and temperature- 
compensating capacities, 
starting at 0.5 mmf. 













































































NUMBER A L 
54.0048 | | i 
54.0049 | 5/16| 39/64 0.4 
54.0051 ja |1- 3/64 | 0.1 
54.0058 39/64 50.0 
54.0059 | 5/16] 39/64 100.0 


AND OTHER SIZES 
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Serves as a Capacitor 
as Well as a Stand-off 






























CAP-tinned, CERAMIC-Stea- 
for easy tite, or wide- 
soldering. } range of K mo- 





You get these advantages with 

































} terials, to serve STU PAC i TOR 
» @s a capacitor 
+ or stand-off. STAN D-OFFS 
BASE-tinned i 
b , with ; 
hollow stem. Ne. $4.0081 V Low Cost 


Easy to rivet 


: twice actual 
to chassis. 


Vv Easy Assembly 

Vv Neat Appearance 
V Fewer Parts Needed 
Vv Compact Assembly 


STUPAKOFF 


CERAMIC & MANUFACTURING 
COMPANY 


Latrobe, Pennsylvania 
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TWO METALS 
often better than one 


Gold 

Silver 

Steel Aluminum 
Monel Bronze, Platinum 
Brass Iron, Copper 
etc. etc. 


and GENERAL PLATE will bond the 
Right Combination for you 





You name them—prac- 

tically any two different 

metals and General 
Plate will permanently 
bond them together 
and finish to size. The result will give you a 
combination that will meet specific or unusual 
performance characteristics impossible to ob- 
tain in a single metal . . . often is more econom- 
ical to use, easier to fabricate. 

For example—General Plate Alcuplate, copper 
and aluminum, is used in terminations of alu- 
minum conductors. This combination eliminates 
the electrolytic action which takes place in a 
“copper-aluminum” joint, as it provides for 
“alum-alum” joint on one side and “copper- 
copper” on the other. 


Again, a Bismuth alloy (M.P. 165°F) was lam- 
inated with copper for a very special appli- 
cation. 


General Plate also pioneered in the well- 
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known silver inlay, edgelay and overlay on base 
metal which is widely used in contacts providing 
economical solid silver electrical performance 
at a fraction of the cost of the precious metal. 


Regardless of the metals you are now using, it 
will pay you to investigate General Plate lam- 
inated metal combinations. Write, stating your 
problems and our engineers will work out a 
metal combination which may prove to be bet- 
ter than a single metal. 


GENERAL PLATE PRODUCTS INCLUDE 


Truflex Thermostat Metals . .. Precious to base metal 
laminations . . . Base metal laminations . . . Alcuplate 
(copper and aluminum) . . . Silver solders . . . Lam- 


inated contacts, buttons, rivets . . . Platinum-fabrica- 
tion-refining ... Age-hardening Manganese Alloy 720. 


GENERAL PLATE 


Division of Metals and Controls Corporation 
405 FOREST STREET 
ATTLEBORO, MASSACHUSETTS 





209 











eta ie) 
eae 





COLONIAL 
WIRE STRIPPER 


A foolproof, frictionless 
unit for uniform and con- 
tinuous production. No 
springs; the Colonial strips 
clockwise or counterclock- 
wise. Double-edge float- 
ing blades give square and 
clean cuts. Strands can be 
twisted in the stripping 
operation. Dialed microm- 
eter allows setting within 
1/1000 inch of wire gauge. 
Precision plus! 


E-Z CABLE STRIPPER 
HAND TOOL 


The cable is placed either 
lengthwise or crosswise be- 
tween concave rollers. Ad- 
justs automatically to center 
cable from 5%” to 15/16” 
diameter. Adjusting screw 
sets the knife accurately. 


E-Z FOOT PEDAL WIRE STRIPPER 


A sturdy, efficient ma- 
chine for rapid production 
work. Designed to do qual- 
ity work on many types of 
insulated wire from 8 gauge 
to the very finest wire. Es- 
pecially suited for POS] and 
parallel cords. 

Everything in sight. No 
motor required. This ma- 
chine will instantly grip the 
wire, cut the insulation, 
strip it off and release the 
wire — all in ONE simple 
foot pedal movement. 











E-Z AUTOMATIC WIRE 
STRIPPER (ALL STEEL) 


Sturdily built of steel, to last a life- 
time—the only all steel wire -stripper on 
the market. 

Simple and efficient. As easy to op- 
erate as a pair of pliers. Always ready to 
use. Its triplicate action of clamping the 
wire, cutting the insulation and stripping 
is automatically timed and performed with 
one squeeze of the handle. When the 
pressure is released, the handles open. 
Will not crush stranded wire. 

For years, this hand stripper has given 
satisfactory service to users. Repeat or- 
ders attest to its superiority. 


NEW!—FOR TELEVISION 


Special blades available for 300 Ohm 
Television and F.M. wire. 


TRY THESE PYRAMID WIRE STRIPPERS 


Prove the merits of a Pyramid Wire Stripper in your shop on your own 
work. Send your wire samples and specifications so that we may 
accurately gauge your needs before shipping machine and instructions. 


Send for Circulars and Full Particulars 


MU el 


2224 SOUTH STATE STREET CHICAGO 16, ILL. 














Jeffrey-Dewitt Insulator Corp., Kenova, W. Va.; 
Knox Porcelain Corp., Knoxville, Tenn.; Louthan 
Manufacturing Co., East Liverpool, Ohio; National 
Ceramic Co., Trenton, N. J.; New Jersey Porcelain 
Co., Trenton, N. J.; Porcelain Products, Inc., Find- 
lay, Ohio; Saxonburg Potteries, Saxonburg, Pa.; 
Scintilla Magneto Division Bendix Aviation Corp., 
Sidney, N. Y.; Square D Co., Peru, Ind.; Star Porce- 
lain Co., Trenton, N. J.; D. M. Steward Mfg. Co., 
Chattanooga, Tenn.; R. Thomas & Sons Co., Lisbon, 
Ohio; Titanium Alloy Mfg. Co., Niagara Falls, 
N. Y.; Universal Clay Products Co., Sandusky, Ohio; 
and Wisconsin Porcelain Co., Sun Prairie, Wis. 





Design Trends 


and Transients 
(Continued from page 130) 





pressure high-temperature liquid. This liquid passes 
through a capillary tube, through a kidney-shaped tube 
near the heater, spills into a small 4-in. high storage 
tank, and overflows through the opening of an inverted 
U-tube. Then the liquid vaporizes in the evaporator 
and cools the surrounding air in the process. This cool 
gas refrigerant from the evaporator passes through a 
heat exchanger where it is warmed by the vapor leay- 
ing the compressor. Then the gas returns to the suc- 
tion side of the compressor to start the process again. 

When the automatic rapid-defrost is activated, liquid 
refrigerant from the capillary tube is warmed and 
vaporized by the heating element. This warmed gas 
starts flowing through the storage tank to the evapo- 
rator where it melts the accumulated frost and ice. The 
small opening in the U-tube cannot pass all the refrig- 
erant vapor, so pressure in the tank builds up and forces 
the liquid in the tank to overflow to the evaporator, 
clearing another path for the warm refrigerant vapor 
to reach the evaporator and aid in defrosting. 

Since the evaporator is normally flooded with the 
liquid refrigerant, the liquid from the tank overflows 
from the evaporator into the suction line. At the heat 
exchanger it picks up heat from the higher temperature 

























































Tiny new flashlight battery %4-in. in diameter, desig- 
nated by General Dry Batteries, Inc., of Cleveland, as a 








K-cell, paves the way for smaller flashlights such as 
the penlight shown here—actual size of a fountain pen. 
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HEINEMANN 
MAGNETIC 
WCU MLAs 


a3 
RE 17 ne 


Switchboard Containing 17 HEINEMANN Circuit Breakers 
and close-up of one Section with door open showing position 


ELECTRIC PANEL MANUFACTURING, LTD. in 
building the above switchboard chose what they con- 
sidered the best possible type of circuit breaker for their 
purpose: They demanded (1) INSTANT breaking of the 
current to protect valuable equipment in the case of sudden 
heavy overload or short circuit, (2) sufficient FLEXI- 
BILITY so that current would not be interrupted on HEINEMANN 
starting surge. ony Bsencegy 
They secured this in the Heinemann Magnetic Breaker, Sica oe? as 
because here the overload itself causes the breaker to trip 
with NO WAITING for thermal elements to heat. On 
the other hand, an inverse Time Delay Unit in the breaker 
prevents tripping on starting surge or minor overload. The inverse Time Delay simply means that the 
higher the overload, the more quickly the breaker 
SEND FOR BULLETIN 3410 will open. Moreover, this Time Delay is calibrated 
WITH COMPLETE INFORMATION to match the characteristics of the equipment. 
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vapor discharging from the compressor. This raises 
the low side pressure and prevents the liquid refriger- 
ant in the evaporator from evaporating. All of the 
cooling effect now takes place in the heat exchanger, 
outside the refrigerated food space. O00 


Finer Control, Smoother 
Control and Longer Life 





because of solid 
rectangular contacts 


The greater number of solid rectangular contacts gives 
Ward Leonard multi-step rheostats finer control with 
smoother contact arm operation—and with all the ad- 
vantages of the Vitrohm construction. 

The solid metal contacts, connected to the resistance 
element by a patented Ward Leonard method and em- 
bedded in vitreous enamel—assures a mechanically and 
electrically perfect joint for long and constant service. 

Write for Rheostat Catalog. Ward Leonard Electric 
Co., 34 South Street, Mount Vernon, N. Y. Offices in 
principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
RReeauk-E ng rcoud Coitiohs 
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NEW REPRINTS AVAILABLE 


In this space each month new reprints of feature arti- 
cles in ELECTRICAL MANUFACTURING will be 
listed. Single copies will be supplied free of charge to 
readers of record upon letterhead request to: 


J. A. Campbell, Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


The following new reprints will be ready for distribu- 
tion about May 15. Since the quantities are limited, re- 
quests will be served in order of receipt. 


Magnetic Recording Systems in Product Design, Febru- 
ary 1950, 16 pages. A review of developments in 
major elements of recording systems; applications 
for sequence controls, data analysis and transient 
recording, and design case histories (ready now). 


Ceramics as Insulators and Dielectrics, May 1950, 12 
pages. Data on mechanical strength, resistance to 
heat shock, moisture permeability, relative cost and 
other factors that determine selection of type for 
custom molded parts. 


New Single-Phase Motors in Integral-Horsepower Rat- 
ings, April and May 1950, 16 pages. A complete 
reprint of this two-part article giving design and 
operating characteristics for single-phase capacitor 
types with ratings up to 20 hp, with performance 
data on comparable repulsion-induction types. 


Dimensions Measured Photoelectrically, April 1950, 4 
pages. Precise measurements obtained by electronic 
chronoscope controlled. by light beam intercepted 
by work moving at constant speed. 


Because the limited supply has been exhausted, the 
following titles previously listed are no longer available: 


Plastics Can Be Electrical Conductors, November 1949. 

Preventing Fungus Damage, November 1949. 

Vitreous Enamel for Electrical Insulation, September 
1949. 

Built-in Controls for Pressure and Temperature, January 
1949, 8 pages. 

Electrical Timing Devices, September 1948, 10 pages. 

Adhesives, Too, Are Fasteners, July 1948, 10 pages. 

The Container, Too, Is an Integral Element in Product 
Design, February 1948. 

Glass-to-Metal Seals in Electrical Components, February 
1947. 

Performance of New Alnico Magnet Materials, February 
1947. 


Quantities available for a number of other titles pre- 
viously announced are rapidly being depleted, and re- 
quests will be filled in order of receipt. 


For bulk quantities (two or more) of any of the avail- 
able titles, orders accompanied by remittance will be 
filled at the following prices per copy as long as the sup- 
ply lasts. 


Quantity Number of pages in reprint 
ordered 4 12 16 


2-9 $0.50 , $0.85 $1.00 
10-49 0.35 \ 0.60 0.70 
50-99 0.25 . 0.45 0.55 
100 0.20 : 0.40 0.50 
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